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INTRODUCTION 
 
American Electric Power Service Corporation (AEP) as agent for its affiliate Southwestern Electric 
Power Company (SWEPCO), an owner and operator of the Flint Creek Power Plant, seeks EPA 
approval under 40 CFR 257.103(f)(1) - “Development of Alternate Capacity Infeasible” for a coal 
combustion residuals (CCR) surface impoundment located at the Flint Creek Plant to continue to 
receive CCR and/or non-CCR wastestreams beyond April 11, 2021. This document will 
demonstrate that the CCR and/or non-CCR wastestreams must continue to be managed in the 
CCR surface impoundment because no alternative disposal capacity is available on or off-site 
and it is technically infeasible to complete the measures necessary to provide alternative disposal 
capacity either on-site or off-site by April 11, 2021.  As discussed in more detail below, AEP has 
elected to convert to dry bottom ash handling at Flint Creek Plant, close the existing bottom ash 
pond by removal and convert the pond to treat non-CCR wastestreams.  Sluicing of CCR is 
scheduled to cease no later than November 30, 2022.  Removal of CCR from the Primary Bottom 
Ash Pond (PBAP) will proceed in a phased manner.  Receipt of non-CCR wastestreams will be 
controlled so that removal of CCR materials from the PBAP can be conducted in phases.  CCR 
removal will be completed by February 28, 2023.  The area of the former pond will be repurposed 
as the non-CCR wastewater pond (WWP). 

 
OVERVIEW OF FLINT CREEK PLANT AND AFFECTED CCR UNITS 
 
The Flint Creek Plant, located at 21797 Swepco Plant Rd., Gentry, AR 72734, consists of one 
coal-fired unit with a total capacity of 528 megawatts that was put in service in 1978.  CCR units 
currently include an active surface impoundment known as the Primary Bottom Ash Pond (PBAP) 
and a 40-acre landfill. Bottom ash and economizer ash are sluiced to the PBAP from the 
generating unit. The PBAP does not meet either the aquifer separation distance or the liner 
requirements of the CCR rule and must close. AEP has elected to convert to dry ash handling at 
Flint Creek Plant, and the plant does not currently have an existing alternate pond that meets the 
requirements of the CCR rule. Considerable modifications to plant equipment, facilities, and 
processes will be necessary before the plant can cease placing CCR and non-CCR wastestreams 
into the PBAP to accommodate the CCR and non-CCR wastestreams in order to continue 
operations. 
 
Flint Creek’s PBAP is shown on Figure 1, which provides a depiction of the overall layout of the 
plant site and CCR units. The PBAP is used primarily for the settling and storage of bottom ash, 
and is a CCR surface impoundment, but also receives non-CCR wastestreams. Bottom ash within 
the PBAP is periodically excavated/dredged for disposal or beneficial use.  Flow from the PBAP 
discharges over a control structure with stop logs into the Clearwater Pond.  The Clearwater Pond 
is not a CCR unit.  Flow from the Clearwater Pond discharges over a weir (NPDES Outfall 101) 
into the plant’s cooling lake, known as Little Flint Creek Reservoir (or locally as SWEPCO Lake).   
 
At maximum capacity, the PBAP has a surface area of approximately 42.8 acres and a storage 
capacity of 484.1 acre-ft.  The dam impounding the PBAP is a cross-valley dam approximately 
820 feet in length with earthen embankments having interior and exterior slopes of approximately 
3 horizontal to 1 vertical (3H:1V) and a crest width of 12 feet. The crest elevation on the dam is 
1155 ft. and the recent normal pond elevation is approximately 1144 ft.  
 
Groundwater at the unit has been monitored in accordance with a detection monitoring program, 
following the requirements of 40 CFR 257.94 in the CCR rule, to the present time since there 
have been no statistically significant increases over background values for any constituent at any 
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monitoring well in the unit’s groundwater monitoring network. Following the requirements of 40 
CFR 257.94, groundwater samples from each monitoring well are analyzed for all parameters in 
appendix III of the CCR rule.  Analysis results for each constituent at each monitoring well are 
compared to background according to statistical procedures and performance standards specified 
in 40 CFR 257.93(f) and 40 CFR 257.93(g).  
 

SATISFACTION OF THE CRITERIA IN 40 CFR §257.101(f)(1) FOR THE BAP 
CCR Unit  
 

WORK PLAN 
 
To demonstrate that the criteria in 40 C.F.R. § 257.103(f)(1)(i) and (ii) have been met, the following 
is a workplan, consisting of the elements required by § 257.103(f)(1)(iv)(A).  Specifically, this 
workplan documents that there is no alternative capacity available on or off-site for each of the 
CCR and/or non-CCR wastestreams that are managed in the PBAP and discusses the options 
considered for obtaining alternative disposal capacity. As discussed in more detail below, AEP 
has elected to convert to dry bottom ash handling at Flint Creek Plant. The workplan provides a 
detailed schedule for the conversion project, including a narrative description of the schedule and 
an update on the progress already made toward obtaining the alternative capacity. In addition, 
the narrative includes an analysis of the site-specific conditions that led to the decision to convert 
to dry handling and an analysis of the adverse impact to plant operations if Flint Creek Plant were 
no longer able to use the PBAP. 
 
Section One - Narrative Description of How Alternative Capacity will be Developed 
 
From the regulatory text § 257.103(f)(1)(iv)(A)(1) 
 

(1) A written narrative discussing the options considered both on and off-site to obtain 
alternative capacity for each CCR and/or non-CCR wastestreams, the technical 
infeasibility of obtaining alternative capacity prior to April 11, 2021, and the option selected 
and justification for the alternative capacity selected. The narrative must also include all 
of the following: 
 

 (i) An in-depth analysis of the site and any site-specific conditions that led to the decision 
to select the alternative capacity being developed; 
(ii) An analysis of the adverse impact to plant operations if the CCR surface 
impoundment in question were to no longer be available for use; and 
(iii) A detailed explanation and justification for the amount of time being requested and 
how it is the fastest technically feasible time to complete the development of the 
alternative capacity; 

 
Existing On and Off-site Disposal Capacity Evaluation 
 
Flint Creek plant does not currently have an existing alternate pond that meets the aquifer 
separation or liner requirements of EPA’s CCR regulation.  Considerable modifications to plant 
equipment, facilities, and processes will be necessary before Flint Creek Plant can cease placing 
CCR wastestreams into the PBAP and remove the CCR materials so the pond can be converted 
and the non-CCR wastestreams continue to be placed in the repurposed wastewater treatment 
pond.  Likewise, considerable modifications and new equipment would be necessary to transport 
CCR and non-CCR wastestreams to an off-site disposal facility, if one were available.  Currently, 
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no known off-site facilities are available that are capable of processing the wastestreams 
generated by the Flint Creek Plant. 
 
CCR Wastestreams: 
 
The PBAP receives approximately 0.42 million gallons a day (MGD) of sluiced water containing 
economizer and bottom ash.  
 
Relative to off-site disposal capacity; the sheer volume which will need to be handled on a daily 
basis makes this impractical. 0.42 MGD of bottom ash sluice flows equates to approximately 56 
trucks holding 7,500 gallons each per day to haul off and dispose of the flows. This operation 
would need to take place 24 hours a day and 7 days a week while the unit is operating. There are 
currently no facilities to collect and load this wastestream into tankers for transport, and 
construction of such facilities to manage these flows on a temporary basis would interfere with 
the activities needed to comply with the new requirements of both the CCR and ELG rules.  The 
increase in traffic associated with such an operation on the plant site poses significant safety risks 
and is impossible to achieve.  The most likely facility type capable of managing industrial 
wastewaters are publicly-owned or private treatment works,  underground injection wells, or 
publicly available waste management facilities capable of solidifying liquid wastes for disposal in 
a landfill.   Given the volume and characteristics of the CCR wastestream, increases in permitted 
capacity or other modifications to the permitted pretreatment programs of a public or private 
wastewater treatment facility would likely be required to manage this flow, if one were available. 
 
AEP evaluated each CCR wastestream placed in the PBAP at the Flint Creek Plant.  For the 
reasons discussed above, and in Table 1 below, the following CCR wastestreams must continue 
to be placed in the PBAP due to lack of alternative capacity both on and off-site. 
 

Table 1: Flint Creek Plant CCR Wastestreams 

CCR 
Wastestream 

Average Flow 
(gpd) 

Current Configuration AEP Notes 

Bottom Ash  420,000  

Bottom ash is currently 
sluiced to the PBAP, 

where it is either 
collected for beneficial 
reuse or remains for 

disposal.  

Bottom ash wastestream cannot be 
removed from PBAP until new dry bottom 
ash system (DBAH) is installed allowing 
ash to be collected and transported to the 
onsite landfill or for beneficial reuse. This 
wastestream will be eliminated no later 
than November 30, 2022.   

Economizer 
Ash 

Included with 
Bottom Ash 

flows 

Sluiced to the existing 
PBAP with bottom ash 

Like bottom ash, economizer ash is only 
produced when the boiler is operational, 
and no alternate system is available for 
collection of economizer ash. Economizer 
ash wastestream cannot be removed 
from PBAP until new economizer ash 
system is installed allowing ash to be 
collected and transported to the onsite 
landfill. This wastestream will be 
eliminated no later than November 30, 
2022. 
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CCR 
Wastestream 

Average Flow 
(gpd) 

Current Configuration AEP Notes 

Pyrites 
(non-CCR but 
handled with 

CCR 
wastestreams) 

 

Included with 
Bottom Ash 

flows  

Sluiced to the existing 
PBAP using the 

existing bottom ash 
pumps and piping. 

Like both bottom ash and economizer 
ash, pyrites are only produced when the 
boiler is operational, and no alternate 
system is available for collection of 
pyrites. Pyrites material will be sluiced to 
the existing bottom ash hopper and 
comingled with bottom ash before being 
dewatered and transported to the onsite 
landfill. This wastestream will be 
eliminated no later than November 30, 
2022. 

 
Non-CCR Wastestreams: 
 
Approximately 8 MGD of various non-CCR wastestreams are sent to the PBAP on average. 
These wastewater streams include coal pile runoff, hydrovactor system discharges, ecology pit 
discharges, boiler blowdown, demineralizer sump, plant drains and sumps, treated ash landfill 
leachate, contact and non-contact storm water runoff as well as contact storm water runoff from 
and through the ash landfill, and City of Gentry sewage treatment effluent.  Additional stormwater 
flows originate from an area in excess of 1100 acres and are introduced into the PBAP via gravity 
from multiple locations. These flows are mostly attributed to rainfall events which are 
unpredictable and can vary drastically. Off-site disposal of these flows is impractical as a 
significant storm event could generate in excess of 50 million gallons from these wastestreams. 
 
Relative to off-site disposal capacity and similar to bottom ash; the sheer volume which would 
need to be handled on a daily basis makes this impractical. 8 MGD would require approximately 
1060 trucks per day holding 7,500 gallons each to haul off and dispose of the water collected. 
This operation would need to take place 24 hours a day and 7 days a week.  There are currently 
no facilities to collect and load these wastestreams into tankers for transport, and construction of 
such facilities to manage these flows on a temporary basis would interfere with the activities 
needed to comply with the new requirements of both the CCR and ELG rules.  The increase in 
traffic associated with such an operation on the plant site poses significant safety risks and is 
impossible to achieve.  The most likely facility type capable of managing industrial wastewaters 
are publicly-owned or private treatment works,  underground injection wells, or publicly available 
waste management facilities capable of solidifying liquid wastes for disposal in a landfill.   Given 
the volume and characteristics of the non-CCR wastestreams, increases in permitted capacity or 
other modifications to the permitted pretreatment programs of a public or private wastewater 
treatment facility would likely be required to manage this flow, if one were available.   Furthermore, 
the 8 MGD flow rate is an average flow rate. Several of the non-CCR wastestreams (coal pile 
runoff, landfill runoff, etc.) are mostly a result of rain events which are not predictable and could 
result in daily flows that nearly double the 8 MGD average flowrate. 
 
AEP evaluated each non-CCR wastestream placed in the PBAP at Flint Creek Plant. For the 
reasons discussed above, and in Table 2 below, each of the following non-CCR wastestreams 
must continue to be placed in the PBAP due to lack of alternative capacity both on and off-site. 
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Table 2: Flint Creek Plant non-CCR Wastestreams 

 

Non-CCR 
Wastestream 

Average Flow 
(gpd) 

Current Configuration AEP Notes 

Hydrovactor 
Flows 

 
2,030,000 

Pumped to the existing 
PBAP, using the existing 
bottom ash pumps and 

piping 
These non-CCR wastestreams are piped 
to the PBAP which provides treatment 
(primarily solids settling and pH 
adjustment if necessary) to allow them to 
meet the NPDES discharge limits at the 
plant outfall and no on-site alternative 
capacity exists for treatment until the 
repurposed WWP is completed. Off-site 
disposal of these flows is not practical as 
noted previously. These wastestreams 
will continue to be directed to the 
repurposed WWP. 
 

 
 

Ecology Pit 
flows 

5,160,000 

Collects flow from 
multiple sources 

including plant drains, 
coolers and sumps 

pumped to the PBAP 

Coal Pile 
Reclaim 

Hopper & Rail 
Car Dump 

Sumps 

220,000 
 

Flows to the existing 
PBAP 

Demineralizer, 
Boiler 

Blowdown, 
and Lab 
Drains 

40,000 
 

Flows to the existing 
PBAP 

Coal Pile 
Runoff 

Intermittent 
(50,000 avg) 

Flows to the existing 
PBAP 

 

These non-CCR wastestreams and 
stormwater flows gravity feed into the 
PBAP from surrounding areas and 
require the PBAP to provide treatment 
(primarily solids settling) to allow them to 
meet the NPDES discharge limits at the 
plant outfall.  No on-site alternative 
capacity exists for treatment of these 
flows.  Even if there was alternative 
capacity available on site, it would not be 
practical to redirect these flows based on 
the volume, multiple locations where they 
enter the pond, available area and site 
elevations. These flows originate from an 
area in excess of 1100 acres and are 
introduced into the PBAP via gravity from 
multiple locations. These flows are mostly 
attributed to rainfall events which are 
unpredictable and can vary drastically. 
Redirection of these flows would require 
construction of a channel in excess of 40 
feet deep and would need to be routed to 
the east and south of the PBAP through 
land not owned by the Flint Creek Plant. 
Even if a channel could physically be 
constructed to redirect the flows, 
substantial permitting and land ownership 
issues exist that would make it infeasible 

Ash Landfill 
Runoff 

Intermittent 
(70,000 avg) 

Contact 
stormwater 

runoff 
Intermittent 

Non-contact 
stormwater 

runoff 
Intermittent 

City of Gentry 
Sewage 
Effluent 

451,000 
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Non-CCR 
Wastestream 

Average Flow 
(gpd) 

Current Configuration AEP Notes 

to complete the effort prior to the 
February 28, 2023 requested extension 
date. Off-site disposal of these flows is 
impractical as discussed previously. 
These wastestreams and stormwater 
flows will continue to flow to the PBAP 
throughout the closure of the pond and 
will continue to be directed through the 
WWP once it is repurposed in February 
2023. 

 
 
i) Alternatives for Disposal Capacity 
 
In order to comply with the CCR rule AEP performed an evaluation of alternative disposal capacity 
options at Flint Creek Plant for both CCR and non-CCR wastestreams in 2017 and 2018. The 
evaluation determined the feasibility of each option to achieve compliance requirements. Feasible 
options were evaluated by balancing the technology, performance, schedule duration, other risk 
factors, and considered potential ELG compliance alternatives.  
 
The options considered for alternative disposal capacity of the wastestreams currently routed to 
the PBAP are summarized in Table 3 below. 
 

Table 3: Alternatives for Disposal Capacity 

 

Alternative 
Capacity 

Technology 

Estimated 
Implementation 
Time (Months) 

Feasible 
at Flint 
Creek? 

 
Selected? 

AEP Notes 

Conversion to 
dry handling  

25 Yes Yes 

Adequate space is available at the site to 
install equipment necessary for a dry 
bottom ash conversion. This alternate has 
a similar compliance schedule to the other 
alternates considered and allows for 
compliance with ELG rules. 

New CCR 
surface 

impoundment 
38 to 72 No No 

A new impoundment alone would not 
provide compliance with the ELG rules. 
This option was not pursued further based 
on the required schedule to install the new 
impoundment. Past AEP projects 
experienced a range from 38-72 months 
(siting, permitting, engineering and 
design, and construction of the new 
impoundment) before waste could be 
placed in a new impoundment.  
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Alternative 
Capacity 

Technology 

Estimated 
Implementation 
Time (Months) 

Feasible 
at Flint 
Creek? 

 
Selected? 

AEP Notes 

Retrofit a 
portion of 

CCR surface 
impoundment 

31.5 Yes No 

Retrofitting a portion of the pond alone will 
not bring the facility into compliance with 
the ELG rule without additional water 
recycle systems that have an uncertain 
impact on the plant water balance; the dry 
ash handling systems have a similar 
compliance schedule.   

Repurpose 
the CCR 
surface 

impoundment 
to a 

wastewater 
pond for non-

CCR 
wastestreams 

30 Yes Yes 

This alternative was selected for the Flint 
Creek Plant since the existing PBAP 
currently handles the existing non-CCR 
wastestreams and provides the treatment 
capacity required to comply with the 
facility’s NPDES permit. This pond will be 
closed by removal and converted to 
wastewater pond for non- CCR 
wastestreams. 

Multiple 
technology 

system  
25 to 30 Yes Yes 

This alternative was selected for the Flint 
Creek Plant since the existing PBAP 
provides the capacity to receive the non-
CCR wastestreams and provides 
operational flexibility once bottom ash 
sluice streams are eliminated to allow for 
adequate treatment area and facilitation of 
solids settling. Dry handling of the bottom 
ash (25 months) and repurposing the 
PBAP to receive non-CCR wastestreams 
(30 months) will provide the necessary 
compliance needs on the fastest feasible 
schedule for the site balancing both CCR 
and ELG rule requirements.  Chemical 
treatment systems will be added for non-
CCR wastestreams, if necessary. 

Off-site 
disposal 

N/A No No 

As EPA explained in the preamble of the 
2015 rule, it is not possible for sites that 
sluice CCR material to an impoundment to 
eliminate the impoundment and dispose of 
the material offsite. See 80 Fed. Reg. 
21,301, 21,423 (Apr. 17, 2015) It is 
infeasible to provide offsite treatment of 
the large volume of non-CCR and CCR 
wastestreams currently routed to the 
PBAP  as discussed earlier.  Even if it was 
feasible to transport the large volume of 
wastestreams offsite, no off-site facilities 
have been identified that are capable of 
handling these materials at the flows 
generated by the facility. 
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Alternative 
Capacity 

Technology 

Estimated 
Implementation 
Time (Months) 

Feasible 
at Flint 
Creek? 

 
Selected? 

AEP Notes 

Temporary 
treatment 
system 

Not defined (see 
AEP Notes) 

No No 

The total volume of wastewater managed 
by the PBAP is too large to be managed 
onsite in temporary tanks. If tanks were 
used for treatment of just CCR sluice 
water defined in Table 1 onsite and if 24 
hours would provide sufficient residence 
time for the settling of the fine solids in 
these wastestreams, approximately 50 
frac tanks (21,000 gallons each) would be 
required to store and treat the bottom ash 
transport water. The number of tanks 
required was estimated by taking the total 
sluice flow (420,000 gallons) divided by 
the frac tank capacity (21,000 gallons) 
and doubling it to account for the 24 hours 
settling time requirement which resulted in 
40 frac tanks.  A 25% margin was added 
to this value to allow for frac tanks being 
removed and replaced for solids removal 
and solids accumulation in the tanks 
which resulted in a total of 50 tanks being 
required.  These tanks would require 
significant amounts of interconnecting 
piping to route flows to all the tanks and 
direct the flow to the final discharge point. 
Furthermore, approximately 5 of these 
frac tanks would need to be removed and 
replaced each day for solids removal. 
Treated water from the tank-based system 
would need to be discharged to the 
Clearwater pond which would require 
revisions to the NPDES discharge permit.   
This type of system is not proven for CCR 
management in the industry.  Even if 
enough volume was available, rerouting 
non-CCR flows to a temporary treatment 
system is impractical as described in 
Table 2. For these reasons, AEP has 
chosen to devote resources to completion 
of the selected project scope rather than 
further development of temporary 
solutions.  
 

 
Based on the decision to convert to a dry ash handling system at Flint Creek Plant, AEP 
evaluated potential options for compliance with both the CCR and ELG rules as noted in the 
Table 4 below. 
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Table 4: Alternatives Considered for CCR Wastestreams 

System Technology Practicability or Feasibility for Flint Creek 

Bottom Ash Under boiler Drag Chain Conveyor System Feasible 

Bottom Ash Remote Drag Chain Conveyor System 

Feasible. Challenging to add remote pumps 
and power supply for recirculation not 
required with other options. Risk associated 
with managing plant water balance. 

Bottom Ash Dry Belt/Tray Conveying System Feasible 

Bottom Ash Pneumatic Conveying System Feasible 

Bottom Ash Vibratory Conveying System 

Not Practicable; frequent labor intensive 
maintenance is required and no longer  
industry standard practice for bottom ash 
(replaced by remote conveyors for similar 
costs) 

Bottom Ash Remote Settling Basins 

Not Practicable; frequent labor intensive 
maintenance is required and both water 
balance and safety concerns. Challenging to 
add remote pumps and power supply for 
recirculation that is not required with other 
options. 

Bottom Ash Remote Dewatering Bins 

Not Practicable; frequent labor intensive 
maintenance is required and no longer  
industry standard practice for bottom ash 
(option replaced by remote conveyors for 
similar costs) 

Timeframe for delivering dry ash handling alternatives were determined to be equivalent and 
not a factor in the final selection. 

 
Based on the evaluation of alternative disposal options, AEP selected the following options for 
compliance at Flint Creek Plant: 
 

 Converting from wet bottom ash and economizer ash systems to a Dry Bottom 
Ash Handling (DBAH) system using a traditional under-boiler drag chain 
conveyor (UBDC) for the bottom ash system and dry flight conveyors for the 
economizer ash system. 

 Closure of the PBAP by CCR material removal. 

 Repurposing the closed PBAP to a non-CCR wastewater pond. 
 
This alternative and strategy can be implemented in the least or equal amount of time of the 
alternatives and accommodates the unique site features, quantity of wastestreams and the lack 
of off-site disposal facilities. This alternative complies with both the CCR and ELG rules at Flint 
Creek Plant. 

 
AEP contracted with Burns & McDonnell (B&M) to provide engineering, design, and procurement 
services for the selected alternative disposal option. The conceptual design stage of the projects 
has been completed and includes the following scope: 
 

 Dry Ash Handling Systems 
o Removal of the current bottom ash hoppers, crushers, and jet pumps 
o Installation of new UBDC and associated equipment to collect and dewater 

bottom ash, economizer ash, and pyrites from the unit. 
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o Installation of dry flight conveyors to transport economizer ash from the 
economizer hoppers on the unit to the UBDC. 

o Rerouting the wet pyrite sluicing system to the UBDC. 
o Installation of a new concrete ash bunker to collect and temporarily store 

CCR material from the UBDC. 
o Installation of a sump at the new ash bunker to collect contact stormwater 

or excess quench water and return to UBDC. 
o CCR material from ash bunker will be either sold for beneficial reuse or 

hauled to onsite landfill for disposal. 
 

 Pond Closure by Removal and construction of new Coal Pile Runoff Pond (CPRP) 
o Serpentine diversion channel will be installed within the current PBAP 

footprint to allow for CCR wastestreams to be rerouted to facilitate the CCR 
material removal and pond closure and repurposing steps below. 

o CCR material from the PBAP to be removed via mechanical excavation 
and dredging.  All CCR material will either be sold for beneficial reuse or 
hauled to the onsite landfill for disposal.  

o Following the removal of CCR material, the existing PBAP will be 
repurposed as the Wastewater Pond (WWP) and will receive low volume 
wastewater and coal pile runoff flows from the plant along with stormwater 
runoff from the surrounding area. The WWP will continue to discharge to 
the Clearwater Pond (a non-CCR unit) before ultimately discharging to 
SWEPCO Lake through NPDES Outfall #101. Repurposing the PBAP 
allows the WWP to be used for non-CCR wastestreams immediately 
following closure of the PBAP by removal of CCR and does not require 
additional time to construct a new pond.  

o A tank-based chemical treatment system will be designed and installed to 
treat the influent to the Wastewater Pond and Coal Pile Runoff Ponds as 
needed to ensure compliance with plant discharge requirements.  
 

Appendix A includes a site plan showing the existing and future configurations of the site after 
construction of the new coal pile run off pond and removal of CCR material from the PBAP. The 
water balance is also included in Appendix B. 
 
ii) Impact to Plant Operations if Alternative Capacity Not Obtained 
 
If the Flint Creek Plant were required to immediately cease the placement of CCR and non-CCR 
wastestreams into the PBAP, which is necessary for handling more than 8.4 MGD of CCR and 
non-CCR wastestreams, and initiate closure, AEP would have to temporarily or permanently 
cease power production at the Flint Creek Plant. Idling or closure of the Flint Creek Plant would 
stop the production of CCR wastestreams and some non-CCR wastestreams, but would not 
eliminate the need for handling other non-CCR wastestreams, such as the storm water runoff 
from the coal pile and landfill, as well as low volume wastewater from various water collection 
sumps from around the plant. The PBAP is integral in receiving and treating these flows (settling 
solids and pH adjustment) as required to meet the NPDES discharge limits. Therefore, the need 
for uninterrupted non-CCR wastestream capacity in the PBAP will be necessary for a significant 
amount of time until alternate capacity from the new WWP is available.  Put simply, the PBAP will 
be unable to immediately cease operation even if the Flint Creek Plant immediately discontinued 
the combustion of coal and production of CCR wastestreams.  
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SWEPCO owns and operates three coal-fired generating facilities within northwest Arkansas and 
Eastern Texas that are seeking additional time to provide alternative disposal capacity or cease 
combusting coal. Together, these facilities have a maximum generating capacity of over 2,000 
MW.  All of these facilities operate within the Southwest Power Pool Regional Transmission 
Organization (SPP).  Because of their close geographic proximity, simultaneous immediate 
closure of a significant portion of this capacity would compromise SWEPCO’s ability to meet 
electrical demand and capacity obligations of the SPP, would destabilize portions of the electricity 
grid and, therefore, would not be in the public interest.  One facility will retire in 2023, one will be 
converted to satisfy both the ELG and CCR requirements, and the third will cease combusting 
coal in 2028.  The requested extensions will allow for an orderly transition of generating 
resources, provide time to initiate transmission mitigation plans to avoid compromising the 
reliability of the grid, and maintain SWEPCO’s ability to provide affordable electricity to customers. 
 
iii) Justification for Time Needed to Complete Development of Alternative Capacity Approach 
 
The schedule for developing alternative disposal capacity is described in more detail in Section 
3. As the schedule shows, AEP has already undertaken significant planning and implementation 
steps towards ceasing the receipt of CCR and non-CCR wastestreams within the PBAP. 
Finalization of both the CCR and ELG rules was critical to AEP’s ability to fully evaluate the options 
to provide alternate capacity for the CCR and non-CCR wastestreams.  The schedule represents 
the fastest technically feasible timeframe for compliance at Flint Creek Plant, driven primarily by 
the need for a major outage to allow for removal of the current sluicing equipment and installation 
of the new UBDC equipment. Flint Creek Plant serves the Southwest Power Pool (SPP) which 
manages the grid to provide electricity to Arkansas, Oklahoma and east Texas. Outages are 
planned many years in advance with the SPP to effectively manage the generation capacity of 
the SPP service area.  The SPP does not typically allow Flint Creek Plant much flexibility to adjust 
these outages or perform them in the non-shoulder months (summer and winter) due to the limited 
generating capacity during these peak electricity usage times and resulting potential impacts to 
grid stability. The sequencing and final tie-ins associated with this work as described in the work 
plan in Section 3 further elaborates on the complexities associated with this option. The unit must 
be converted to dry ash handling in order to cease receipt of CCR wastestreams in the current 
configuration. The dry ash handling conversion will be worked in parallel with the pond closure 
and tank based chemical treatment scope to achieve compliance as soon as possible. The total 
project duration of approximately 36 months from the date AEP initiated conceptual design 
(December 2019) until the date that CCR sluicing is ceased (November 30, 2022) is comparable 
to the average dry ash conversion timeline identified by EPA in the final Part A rule (33.8 months). 
Moreover, as a result of AEP performing work in parallel, the pond closure activities are planned 
to be completed by February 28, 2023 as shown on the schedule. 
 
Section Two – Visual Timeline Depicting the Steps Necessary to Obtain Alternative 
Capacity 
 
From the regulatory text § 257.103(f)(1)(iv)(A)(2) 
 

(2) A detailed schedule of the fastest technically feasible time to complete the measures 
necessary for alternative capacity to be available including a visual timeline 
representation. The visual timeline must clearly show all of the following: 
 

(i) How each phase and the steps within that phase interact with or are dependent on 
each other and the other phases; 
(ii) All of the steps and phases that can be completed concurrently; 
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(iii) The total time needed to obtain the alternative capacity and how long each phase 
and step within each phase will take; and 
(iv) At a minimum, the following phases: engineering and design, contractor selection, 
equipment fabrication and delivery, construction, and start up and implementation. 

 
Appendix C contains a timeline that illustrates all relevant phases and details the steps necessary 
for implementation of obtaining Alternative Capacity.  
 
Section Three – Narrative of the Schedule and Timeline to Obtain Alternative Capacity 
 
From the regulatory text § 257.103(f)(1)(iv)(A)(3) 
 

(3) A narrative discussion of the schedule and visual timeline representation, which must 
discuss all of the following: 
 

(i) Why the length of time for each phase and step is needed and a discussion of the 
tasks that occur during the specific step; 
(ii) Why each phase and step shown on the chart must happen in the order it is 
occurring; 
(iii) The tasks that occur during each of the steps within the phase; and 
(iv) Anticipated worker schedules; and 

 
The schedule for this project is generally broken down into three major scopes of work that must 
occur to ensure efficiency and compliance with environmental permits: Dry Bottom Ash Handling 
(DBAH) System installation (includes the UBDC, and economizer ash, and pyrites handling 
equipment), PBAP Closure/Repurpose and Coal Pile Runoff Pond Construction.  The construction 
work schedule during non-unit outage periods is planned for a single shift fifty hours per week 
with spot overtime as needed to maintain schedule and also attract and retain quality craft labor. 

 
Dry Ash Handling Systems 

 
Engineering, Design and Procurement (November 2020 – May 2022) 
The conceptual design of the new DBAH System has been completed. Equipment procurement 
for the DBAH System to support this project is underway with a forecasted contract award date 
of November 2020 and delivery date of the major equipment by May 2022. AEP has allowed 18 
months total lead time in the schedule to have the equipment on site in time for the necessary 
pre-outage construction period. Initial DBAH System design submittals will be provided by the 
DBAH OEM starting 4 weeks after award and will continue for several months until delivery of 
equipment.  Equipment fabrication will start after the approval of the initial design submittals.  The 
balance of plant (BOP) Electrical, Mechanical, and Structural Engineering and detailed design will 
start in November 2020 and is scheduled to be completed eight months later by June 2021.  While 
Instrument & Controls (I&C) Engineering will start concurrently with the BOB engineering in 
November 2020, the completion will be 13 months later by December 2021.  The BOP Civil 
Engineering will start by February 2021, after receipt of submittals from the DBAH OEM, and is 
scheduled to be complete in four months, by the first of June 2021. 
 
Contractor Selection (July 2021 – January 2022) 
The construction bid packages for site preparation and foundations, mechanical construction and 
electrical construction are planned to be developed in parallel with the detailed design efforts and 
will be issued for bid by July 2021 and awarded to the selected construction contractors by 
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January 2022. This 6 month timeframe is typical for AEP’s normal process for awarding major 
construction contracts. 
 
Construction (March 2022 – December 2022) 
Construction is planned to start with civil work in March 2022 and will proceed with completing 
non-outage related work. The schedule for non-unit outage related work is based on similar 
projects that have been completed and includes the work described in this section. The civil work 
will include underground utility relocations, excavation and subgrade preparation for the ash 
bunker footings and foundation installation. Once the footings and foundation are poured, the 
bunker walls will be formed and poured. The civil work is planned to take a total of three months 
completing in June 2022. The structural/mechanical (S/M) contractor will mobilize to site in May 
2022 to begin above ground utility installation/relocation, equipment installation and structural 
steel installation inside the unit. The ash bunker sump pumps will be set and piping ran back to 
the ash hopper pit sump. Balance of plant piping such as service water, instrument air, plant air, 
and other systems will be installed. Modification and demolition of existing equipment and 
structural steel that can be achieved ahead of the unit tie-in outage, including reinforcing of the 
existing boiler structural steel to accommodate the new DBAH equipment loads, will be performed 
prior to the start of the unit outage.  The S/M work is planned to take a total of 7 months of 
construction will be complete in December 2022. 
 
The electrical/instrumentation and controls contractor (EIC) will mobilize to site in July 2022 and 
begin above ground utility relocations and installation.  Relocation and installation of conduit and 
cable tray for both power and control cabling will be completed for the new equipment mentioned 
above. New electrical equipment will be set including motor control centers and distributed control 
system cabinets. Once the conduit and cable tray runs are completed, the power and control 
cabling will be pulled, tested and terminated to the greatest extent possible. A majority of the 
power feeds and control cables for the DBAH equipment will need to be rolled up and staged at 
the ash hopper pit to be completed once the DBAH equipment is erected during the tie-in outage.  
The EIC work is planned to take a total of 5 months of construction and will be complete in 
December 2022.   
 
As discussed earlier, the primary activity impacting the project schedule critical path is the outage 
time required for installation of the DBAH System. Although as much work as possible will be 
performed while the unit is operating as described above, a significant portion of the work to 
complete the DBAH System installation requires a unit outage. The unit outage to install and tie 
in the new DBAH equipment is planned for Fall 2022. Due to equipment lead times and steps 
required to contract for construction, it is not feasible to conduct the DBAH System installation in 
unit outages occurring before Fall 2022.  
 
The work that is scheduled to take place during the unit outages includes removing the existing 
boiler hoppers and existing ash sluicing equipment, installing the new bottom ash, economizer 
ash and pyrites handling equipment, completing structural steel modifications, and piping and 
electrical ties. Once the unit starts the outage, both the S/M and EIC contractors will work two 
shifts, sixty hours per week to complete the outage related activities.  
 
Startup and Implementation 
Startup and commissioning of the system is planned to start sometime during the unit outage and 
is expected to be completed shortly after the unit is brought back online for the new equipment 
bottom ash, economizer ash and pyrites handling equipment. The tuning period will take 3 months 
and extend through December 2022. 
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Sluicing of CCR to the PBAP will cease by November 30, 2022. 

 
Primary Ash Pond Closure/ Coal Pile Runoff Pond Construction 

 
Engineering and Design (September 2020 – May 2021) 
The conceptual design of the PBAP pond closure / repurpose and the CPRP has been completed. 
Civil and Mechanical Engineering and detailed design of the CPRP and closure / repurposing 
activities for the PBAP began in September 2020 and will be completed by early March and early 
May 2021, respectively, taking six and eight months in duration. Necessary Structural and 
Electrical Engineering and design started in October 2020 and will take six and seven months, 
respectively, and will be complete in April and May 2021. A geotechnical investigation is being 
performed to verify CCR material depths at certain locations and provide information to support 
the design and construction efforts. The investigation is planned to be completed in 2020.  
 
Permitting (December 2020 – August 2022) 
Permitting efforts necessary for the project will start a month after the start of engineering in 
December 2020 and are planned to continue through early 2022 with receipts of the permits 
expected by August 2022. 
 
Contractor Selection (May 2021 – November 2021) 
Construction bid packages are planned to be developed in parallel with the detailed design efforts 
and will be issued for bid beginning in May 2021.  Six months have been allowed for bidding, 
selection and award of construction contracts to the selected contractors in accordance with 
AEP’s typical process. 
 
Construction (November 2021 – February 2023) 
The closure of the PBAP and construction of the new CPRP requires specific sequencing in order 
to complete the work while continuing to meet the NPDES discharge permit requirements 
throughout construction. Final completion of the pond closure and repurposing activities is 
dependent upon installation of the DBAH equipment and ceasing CCR flows to the PBAP. 
However, steps have been included in the project plan to allow for parallel activities to complete 
the work as much as possible as shown on the schedule in Appendix C and further described in 
this section.   
 
The ponded area of the PBAP is approximately 30 acres of the 43 acre impoundment. The pond 
is located at the low point of a drainage area that is approximately 1,100 acres in size. The 
continuous flows from stormwater runoff create a difficult environment for removing CCR material 
from the pond. The means and methods of excavating or removing the material from the pond 
and hauled to the onsite landfill will be decided by the construction contractor with approval by 
the engineer and AEP. CCR material removal will require both mechanical excavation and 
dredging. The removal of ash will be verified by visual evaluation of sediment samples collected 
after the removal process. Once all CCR material is removed, the contractor will remove an 
additional one foot of material to confirm removal of CCR material. An engineer will independently 
certify the removal of CCR material. 
 
The pond construction and closure work will be performed in stages. The stages are shown in the 
schedule in Appendix C and timeframes are based on the estimated volumes of CCR material to 
be removed as well as the estimated earthwork and concrete required for the CPRP construction. 
These durations are based on an average work schedule of five days per week / ten hours 
per day and do not take into account delays from periods with significant rain events greater 



Flint Creek Plant 

Develop Alternative Disposal Capacity 

11/30/2020  Page 15 of 18 

than average or normal for the area. These timeframes have been validated by proposals 
received from construction contractors.  
 
The mobilization of the final pond construction and closure contractor is planned to start in 
November 2021. Once the contractor mobilizes to begin closing the PBAP, the contractor will 
work to complete early site preparation activities including mobilization, installing erosion control, 
preparing laydown and construction office areas, lowering the pond water level (remove the free 
water from the impoundment), and installing a temporary serpentine channel to reroute PBAP 
flows away from the closure work area during construction. Conceptually, the serpentine channel 
is planned to be routed in the northwest corner of the pond along the edge of the current waterline. 
The site preparation activities are expected to take approximately three months completing 
January 2022.  At the completion of this phase, CCR and all piped non-CCR flows will no longer 
be directed to the PBAP area outside of the serpentine channel area of the pond which will greatly 
limit the pond area receiving CCR flows. Gravity fed non-CCR flows as defined in Table 2 will 
continue to be directed through the PBAP throughout the construction and cleaning efforts. 
 
Dredging of the PBAP and construction of the CPRP are planned to start in December 2021.  
Based on estimated volumes of material to be removed (approx. 550,000 CY), the duration of the 
dredging and excavation is estimated to be 11 months utilizing actual removal rates achieved 
from similar projects; this work will be complete in November 2022. Dredging of the pond is 
planned to start in the northeast portion of the pond and work downstream towards the dam and 
pond outfall. Dredging will occur over all open water areas of the pond up to the edge of the 
serpentine channel installed during the site preparation activities. Mechanical excavation of the 
dry areas of the PBAP will be performed concurrently with the dredging and will also be completed 
in November 2022. The mechanical excavation will primarily take place between the serpentine 
channel and the limits of the PBAP in the northwest corner of the pond where CCR material is 
currently above the pond waterline.   
 
Once the CCR sluicing from the operating unit ceases and non-CCR flows are directed to the 
cleaned portion of the pond, the remaining residual CCR will be removed from the serpentine 
channel area within the pond. At the completion of the CCR material removal, the temporary 
construction facilities, laydown areas, and erosion controls will be removed, and these areas will 
be restored to their pre-construction conditions. Removal of CCR material from the PBAP will be 
completed by February 28, 2023. At that time, the cleaned PBAP will be repurposed as the WWP 
and will continue to receive non-CCR wastestream flows during the future operation of the plant. 
 
The closure by removal will be certified by an engineer and the records will be posted in the 
operating record and on the AEP CCR website as appropriate.  The closure by removal will be 
considered to be complete once all CCR material is removed and certified.   
 
Section Four – Narrative of the Steps Already Taken to Initiate Closure and Develop 
Alternative Capacity 
 
From the regulatory text § 257.103(f)(1)(iv)(A)(4) 
 

(4) A narrative discussion of the progress the owner or operator has made to obtain 
alternative capacity for the CCR and/or non-CCR wastestreams. The narrative must 
discuss all the steps taken, starting from when the owner or operator initiated the design 
phase up to the steps occurring when the demonstration is being compiled. It must 
discuss where the facility currently is on the timeline and the efforts that are currently 
being undertaken to develop alternative capacity. 
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40 CFR § 257.103(f)(1)(iv)(B)(2) Visual representation of hydrogeologic information at and 
around the CCR unit(s) that supports the design, construction and installation of the 
groundwater monitoring system. This includes all of the following: 

 
(i) Map(s) of groundwater monitoring well locations in relation to the CCR unit(s); 
(ii) Well construction diagrams and drilling logs for all groundwater monitoring wells; and 
(iii) Maps that characterize the direction of groundwater flow accounting for seasonal 
variations; 

 
Groundwater monitoring at the Flint Creek Plant is accomplished using a PE-certified groundwater 
monitoring networks.  The PBAP network is composed of three upgradient and three 
downgradient monitoring wells. The wells monitor the upper part of the Boone Formation, which 
is the uppermost usable aquifer at the site. The LF network is composed of six upgradient and 
five downgradient monitoring wells. The complete Groundwater Monitoring Network Design 
(GWMN) Reports are provided in Appendix D and include the following: 
 

 The map showing the location of the monitoring wells relative to the CCR units is 
presented on Figure 3 of the GWNM report (see Appendix D). 

 The associated boring logs and well construction diagrams are provided in Appendix 1 of 
the GWMN report (see Appendix D). 

 Groundwater flow direction maps of monitoring events completed in the autumn, winter, 
spring, and summer, to show seasonal changes, are provided on Figures 2 through 5 for 
the PBAP and Figures 6 – 9 for the Landfill. 

 
40 CFR § 257.103(f)(1)(iv)(B)(3) Constituent concentrations, summarized in table form, at each 
groundwater monitoring well monitored during each sampling event; 
 
The most recent Groundwater Monitoring and Corrective Action Reports summarizes Appendix 
III and IV constituent concentrations at each groundwater monitoring well monitored during each 
sampling event as Table 1 (see Appendix E). 
 
40 CFR § 257.103(f)(1)(iv)(B)(4) A description of site hydrogeology including stratigraphic cross-
sections; 
 
Regionally, the site is located in northwest Arkansas in the Springfield Plateau of the Ozark 
Plateaus Province. The Ozark Plateaus Province covers northern Arkansas and consists of 
sedimentary rock strata which have undergone massive uplift and which remain relatively 
horizontal with only minor deformation. Stream erosion has removed much of the original surface 
rock and typically dissected the area into hills and low mountains.  
 
Locally, the site is underlain by the Boone Formation which consists primarily of limestone and 
chert of Lower Mississippian age. In-situ weathering has reduced the limestone, leaving chert and 
limestone gravel mixed with clay as a residual soil overburden. The Boone Formation, in this area, 
consists of a highly weathered cherty limestone with red to brown clay seams. The thickness of 
residuum varies from 30 to 50 feet, and the limestone and chert content also varies in lateral 
extent. The chert is typically the remnant of weathering after the limestone is removed by 
dissolution in surface and groundwater. 
 
Groundwater occurs at various depths and the presence of water appears to be related to a 
number of factors, including site lithology, rock type and thickness, and number of fractures 
encountered. Perched groundwater is occasionally present within the upper unconsolidated soils; 
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however, this perched zone appears discontinuous across the site. Groundwater can occur in 
both the unconsolidated soils and within the limestone. 
 
Two sets of site cross sections are provided in Appendix D of the Groundwater Monitoring 
Network Design Reports as follows: 
 

 Cross sections showing the seasonal high groundwater level and CCR units bottom are 
located in plan view on Figure 4 and presented on Figures 5 and 6; 

 Cross sections showing the lithology, soil composition, and reservoir elevation at the CCR 
units are presented in Appendix 2. 

 
40 CFR § 257.103(f)(1)(iv)(B)(5) Any corrective measures assessment conducted as required at 
§ 257.96; 
 
The PBAP is expected to remain in detection monitoring until closure by removal is complete. The 
LF is expected to remain in assessment monitoring.  The Flint Creek Pant CCR units will transition 
to an assessment of corrective measures and selection of a remedy following requirements in 40 
CFR 257.96 and 40 CFR 257.97 and a corrective action program following requirements in 40 
CFR 257.98, if necessary. 
 
40 CFR § 257.103(f)(1)(iv)(B)(6) Any progress reports on corrective action remedy selection 
and design and the report of final remedy selection required at § 257.97(a); 
 
The Flint Creek CCR units have not entered Assessment of Corrective Measures, therefore no 
progress reports on remedy selection and design and a report of final remedy selection have been 
required or prepared. 
 
40 CFR § 257.103(f)(1)(iv)(B)(7) The most recent structural stability assessment required at § 
257.73(d); and 
 
The most recent structural stability assessment required by § 257.73(d) for the PBAP is included 
in Appendix F.  This report will be updated every 5 years as required by the CCR rule. 
 
40 CFR § 257.103(f)(1)(iv)(B)(8) The most recent safety factor assessment required at § 
257.73(e). 
 
The recent safety factor assessment required by § 257.73(e) for the PBAP is included in Appendix 
G.  This report will be updated every 5 years as required by the CCR rule. 
 

CONCLUSION 
 
As set forth and allowed by 40 CFR 257.103 – Alternate Closure Requirements and specifically 
40 CFR 257.103(f)(1) – Site Specific Alternate to Initiation of Closure Deadline, the  Flint Creek 
Plant qualifies for the site specific alternate time frame provisions for continuing to receive CCR 
and non-CCR wastestreams and initiate closure of the CCR surface impoundment.  Based upon 
the information submitted SWEPCO seeks to establish a site-specific compliance deadline to 
continue to receive CCR wastestreams in the PBAP until November 30, 2022 while the generating 
unit is converted to dry ash handling. Non-CCR wastestreams will continue to be directed through 
the PBAP throughout the construction and cleaning efforts.  Removal of all CCR material and 
repurposing of the PBAP for continued treatment of non-CCR wastestreams will be completed no 
later than February 28, 2023. 



Figures 



S
c
a
le
 F

o
r 

M
ic
ro
fi
lm
in

g

In
c
h
e
s

M
il
li
m

e
te
rs

1 1615141312111098765432 17

M

L

K

J

I

H

G

F

E

D

C

B

A

no. date descriptionby
ofsheet sheets

project

rev.drawing

file
ckd

detaileddesigned

no. date descriptionby ckd

contract9400 WARD PARKWAY

KANSAS CITY, MO 64114

816-333-9400

CCR / ELG COMPLIANCE PROJECT

BENTON COUNTY, ARKANSAS

FLINT CREEK POWER PLANT

Burns & McDonnell Engineering Company, Inc.

Firm License No. 17

NORTH

Z:\Clients\ENR\AEPSvc\AEPCCRELG\120796_FLINTCCRELG\Design\Civil\Dwgs\Sketches\120796SK-C504.dgn

           

                       

           

                       

           

                       

           

                       

           

                       

           

                       

           

                       

           

                       

                      

           

11/16/2020

           120796

PRELIMINARY - NOT

FOR CONSTRUCTION

ASK - C504

J. RIDDER
120796SK-C504.DGN

                       

A

M. BLEYTHING

 

LANDFILL

CCR UNIT LOCATION MAP

06/22/20 KTM MDB ISSUED FOR EXTENSION REQUEST

LIMITS OF CCR UNIT

FLINT CREEK PLANT

SWEPCO RESERVOIR

CITY OF GENTRY, ARKANSAS

HIGHWAY 12

SCALE IN FEET

400' 800'0

PRIMARY BOTTOM ASH POND

CLEARWATER POND

S187112
Figure 1



!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

1141

1140

1139

1138

1137

1136

1135

1134

1142

1133

AP-51
1,142.25

AP-52
1,132.40

AP-53
1,141.90

AP-55
1,140.13AP-56

1,136.39

AP-57
1,134.90

AP-58
1,134.98

AP-59
1,134.03

AP-54
1,139.22

AP-60

P:\Projects\AEP\Groundwater Statistical Evaluation - CHA8423\Groundwater Mapping\GIS Files\MXD\Flint Creek\BAP\AEP-Flint Creek_GW_BAP_Nov 2016.mxd. ARevezzo. 12/21/2017. CHA8423/01/08.

AEP Flint Creek Plant - Primary Bottom Ash Pond 
Gentry, Arkansas

Potentiometric Surface Map
Uppermost Aquifer - November 2016

³

Figure
2Columbus, Ohio 2017/12/21

Legend
!A Monitoring Wells

Groundwater Contour Elevation
Groundwater Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on November 8,
2016)  provided by AEP.
- AP-52 was abandoned December 6, 2016.
- AP-60 was installed January 9, 2017.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Groundwater elevation units are feet above mean sea level.
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- Monitoring well coordinates and water level data (collected on January 24, 2017)
provided by AEP.
- AP-52 was abandoned December 6, 2016.
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- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Groundwater elevation units are feet above mean sea level.
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- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Groundwater elevation units are feet above mean sea level.
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AEP Flint Creek Plant - Primary Bottom Ash Pond
Gentry, Arkansas

Potentiometric Surface Map
Uppermost Aquifer - August 2017

³

Figure
5Columbus, Ohio 2018/01/26

Legend
!A Monitoring Wells

Groundwater Contour Elevation
Groundwater Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on August 29, 2017)
provided by AEP.
- AP-52 was abandoned December 6, 2016.
- AP-60 was installed January 9, 2017.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Groundwater elevation units are feet above mean sea level.
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AEP Flint Creek Plant - Landfill
Gentry, Arkansas

Potentiometric Surface Map
November 2016

³

Figure
6Columbus, Ohio 2017/12/22

Monitoring Wells
!A Shallow
!A Intermediate
!A Deep

Groundwater Elevation Contour
Shallow
Shallow, Inferred
Shallow Flow Direction
Intermediate
Intermediate, Inferred
Intermediate Flow Direction
Deep
Deep Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on November 8,
2016) provided by AEP.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Locations of NE-5D, NE-7R, and NE-9 are approximate.
- Groundwater elevation units are feet above mean sea level.
* Inconsistant/anamolous reading; B-13 not utilized to generate contours.
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AEP Flint Creek Plant - Landfill
Gentry, Arkansas

Potentiometric Surface Map
January 2017
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Figure
7Columbus, Ohio 2017/12/26

Monitoring Wells
!A Shallow
!A Intermediate
!A Deep

Groundwater Elevation Contour
Deep
Deep Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on January 24, 2016)
provided by AEP.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Locations of NE-5D, NE-7R, and NE-9 are approximate.
- Groundwater elevation units are feet above mean sea level.
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AEP Flint Creek Plant - Landfill
Gentry, Arkansas

Potentiometric Surface Map
May 2017
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Figure
8Columbus, Ohio 2017/12/26

Monitoring Wells
!A Shallow
!A Intermediate
!A Deep

Groundwater Elevation Contour
Deep
Deep Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on May 16, 2016)
provided by AEP.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Locations of NE-5D, NE-7R, and NE-9 are approximate.
- Groundwater elevation units are feet above mean sea level.
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AEP Flint Creek Plant - Landfill
Gentry, Arkansas

Potentiometric Surface Map
August 2017
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Figure
 9Columbus, Ohio 2018/01/26

Monitoring Wells
!A Shallow
!A Intermediate
!A Deep

Groundwater Elevation Contour
Deep
Deep Flow Direction

Notes
- Monitoring well coordinates and water level data (collected on August 29, 2017)
provided by AEP.
- Site features are based on information available in the Groundwater Monitoring
Well Network Elevation (Terracon, 2016) provided by AEP.
- Locations of NE-5D, NE-7R, and NE-9 are approximate.
- Groundwater elevation units are feet above mean sea level.
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Appendix A  

Existing and Future Pond Configurations 
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Appendix B  

Existing and Future Water Balances 
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Appendix C  

Site-Specific Schedule to Obtain 
Alternative Capacity



# Activity Name Duration
(Months)

Start Finish

1 AEP CCR/ELG Extension Schedule - Flint Creek 29

2 Project Milestones 27

3 AEP Release Engineer and OEM to Complete Detailed Design for CCR/ELG Compliance 0 Nov-20

4 Initial Operation of Coal Pile Runoff Pond 0 Sep-22

5 Cease sluicing CCR from Unit 1 0 30-Nov-22

6 Completion of all pond closure 0 28-Feb-23

7 Permitting 21

8 Pond Closure and New Pond Construction 21

9 Submit Extension Letter 0 Nov-20

10 Prepare, Submit and Receive Application for CCR permit 21 Dec-20 Aug-22

11 Prepare, Submit and Receive NPDES Permit Amendment 17 Dec-20 Jun-22

12 Engineering 15

13 Bottom Ash Conversion 13

14 Engineer Commences Detailed Design for CCR/ELG Compliance Project 0 Nov-20

15 Structural Engineering 8 Nov-20 Jun-21

16 Mechanical Engineering 8 Nov-20 Jun-21

17 Electrical Engineering 8 Nov-20 Jun-21

18 I&C Engineering 13 Nov-20 Dec-21

19 Civil Engineering 4 Feb-21 Jun-21

20 Pond Closure and New Pond Construction 8

21 Engineer Commences Detailed Design for CCR/ELG Compliance Project 0 Sep-20

22 Civil Engineering 6 Sep-20 Mar-21

23 Mechanical Engineering 8 Sep-20 May-21

24 Electrical Engineering 7 Oct-20 May-21

25 Structural Engineering 6 Oct-20 Apr-21

26 Procurement 20

27 Bottom Ash Conversion 18

28 Equipment 18

29 AEP Award Ash Handling Equipment Contract 0 Nov-20

30 Fabricate/Deliver Ash Handling Equipment 18 Nov-20 May-22

31 Ash Handling Equipment Delivered 0 May-22

32 Subcontracts 6

33 AEP Bid Civil Contract 0 Jul-21

34 AEP Bid Structural / Mechanical Construction Contract 0 Jul-21

35 AEP Bid Electrical / Instrument & Controls Construction Contract 0 Jul-21

36 AEP Award Civil Contract 0 Jan-22

37 AEP Award Structural / Mechanical Construction Contract 0 Jan-22

38 AEP Award Electrical / Instrument & Controls Construction Contract 0 Jan-22

39 Pond Closure and New Pond Construction 14

40 Equipment 11

41 AEP Bid Chemical Feed System Equipment Contract 0 Nov-20

42 AEP Award  Chemical Feed System Equipment Contract 0 Jan-21

43 Fabricate/Deliver Chemical Feed System Equipment 10 Jan-21 Nov-21

44 Chemical Feed System Equipment Delivered 0 Nov-21

45 Subcontracts 13

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

2021 2022 2023

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

Critical Milestone

AEP - Flint Creek

Schedule Extension

CCR/ELG

Full Schedule

Data Date: 10-Sep-20

Run Date: 23-Nov-20

Page: 1 of 2

CURRENT PROJECT ID:

PREVIOUS PROJECT ID:

TARGET PROJECT ID:



# Activity Name Duration
(Months)

Start Finish

46 Issued for Bid Geotechnical Investigation 0 Jul-20

47 Award Geotechnical Investigation 0 Aug-20

48 Receive Final Report Geotechnical Investigation 0 Dec-20

49 Issued for Bid Pond Construction Documents 0 May-21

50 AEP Award Civil Pond Construction Contract 0 Nov-21

51 Construction 16

52 Bottom Ash Conversion 9

53 Civil Construction - Unit 1 3 Mar-22 Jun-22

54 Structural / Mechanical Construction - Unit 1 7 May-22 Dec-22

55 Electrical / Instrument & Controls Construction - Unit 1 5 Jul-22 Dec-22

56 Pond Closure and New Pond Construction 16

57 Site Preparation for Dredge (Installation of Serpentine Division Channel) 3 Nov-21 Jan-22

58 Coal Pile Runoff Pond Construction 9 Dec-21 Sep-22

59 Dredge Primary Ash Pond 11 Dec-21 Nov-22

60 Mechanical Excavation of Dry Ash 11 Dec-21 Nov-22

61 Closure In Place and Final CCR Clean-up & Close out 3 Nov-22 Feb-23

62 Startup/Commissioning 3

63 Bottom Ash Conversion 3

64 Start-up & Commissioning - Unit 1 3 Oct-22 Dec-22

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

2021 2022 2023

Remaining Level of Effort

Actual Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone

Critical Milestone

AEP - Flint Creek

Schedule Extension

CCR/ELG

Full Schedule

Data Date: 10-Sep-20

Run Date: 23-Nov-20

Page: 2 of 2

CURRENT PROJECT ID:

PREVIOUS PROJECT ID:

TARGET PROJECT ID:



 

Appendix D  

Groundwater Monitoring Network  
Design Reports 

for 

Flint Creek Plant’s 

Primary Bottom Ash Pond 

and 

Landfill 



Responsive ■ Resourceful ■ Reliable

Report 1 - Groundwater Monitoring
Network for CCR Compliance

SWEPCO - Flint Creek Primary Bottom Ash Pond
Permit No. 0273-S3N-R2

 AFIN: 04-00107

October 2017
Project No. 35157124

Prepared for:
SWEPCO – Flint Creek Power Plant

P.O. Box 21106
Shreveport, LA 71156

(479) 736-2626

Prepared by:
Terracon Consultants, Inc.
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1.0 Objective

The purpose of this Groundwater Monitoring Network Report (GWMNR) is to demonstrate
adequacy and compliance of the existing monitoring well network with EPA Coal Combustion
Residuals (CCR) regulations at the Southwestern Electric Power Company (SWEPCO) – Flint
Creek Primary Bottom Ash Pond (Permit No. 0273-S3N-R2).

2.0 Background Information

2.1 Facility Description

The SWEPCO facility consists of an approximately 42.8-acre Primary Bottom Ash Pond along
with a 40-acre permitted Class 3N Landfill and various support facilities including entrance
roads, leachate and contact water storage ponds, vehicle/equipment facilities, groundwater
monitoring facilities, and storm water control systems. The site is located in portions of Section
8, Township 18 North, and Range 33 West in Benton County, Arkansas (FIGURE 1 & 2).

2.2 Description of CCR Unit

2.2.1 Embankment Configuration

The Primary Bottom Ash Pond (See FIGURE 3) was constructed from 1974 to 1978.  The site is
situated on a topographically level feature, with a slight slope from northeast to southwest.  The
surface elevation of the study site is 1100 to 1160 feet above mean sea level (msl).  Little Flint
Creek enters the subject site along the western portion of the property and flows into the
reservoir. The ash pond is divided into two impoundments in series, the Primary Bottom Ash
Pond and the Clear Water Pond (non-CCR).  The Primary Bottom Ash Pond berm is 820-foot
long, the clear water pond is 750-foot long.    Surface water runoff from the site is expected to
move to the southwest along Little Flint Creek.  The Primary Bottom Ash Pond embankment is
approximately 45 feet deep and the clear water pond embankment is approximately 35 feet
deep with a berm crest height of 1155 feet-msl for both.  (Golder Associates Inc., Inspection
of the Ash Ponds at Little Flint Creek, November 2015)1

The fill material in the containment berm consists primarily of stiff to very stiff lean clay (CL) or
fat clay (CH) with gravel and medium dense clayey gravel (GC) or clayey sand (SC) with gravel
overlying native soils which consist primarily of weathered limestone with layers of stiff to hard
lean clay (CL) with gravel.  The limestone encountered typically consisted of solid layers less
than 14 inches thick.  The Rock Quality Designation (RQD) of the cores is less than 25%.
(ETTL Engineers and Consultants Inc., Slope Stability Report, Revised August 2010)2
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2.2.2 Area/Volume

The Primary Ash Pond is approximately 42.8 acres and Clear Water Pond is approximately 3.7
acres. (Dewberry & Davis LLC, Coal Combustion Residue Impoundment Round 9 – Dam
Assessment Report, December 2011)3

2.2.3 Construction and Operational History

The Primary Bottom Ash Pond was constructed from 1974 to1978.  It is used for the
management of bottom ash from the coal combustion operations on site.  The primary ash pond
is approximately 45 feet deep and the clear water pond is approximately 35 feet deep with a
berm crest height of 1155 feet-msl for both.  The embankment was constructed with 3:1 slopes.

There were no signs of sloughing or slope instability.  The crests of both embankments are in
good conditions with no obvious depressions in the crest.  The riprap on the downstream slope
of the Primary pond appears to be in fair conditions, but it is in poor condition along the
Secondary Pond due to significant vegetation growth.  Two animal burrows were identified on
the Primary Pond slope.  Sapling trees, 1 to 2-inches in diameter, have established near the
shoreline of the Primary Pond embankment, and clusters of 2 to 3-inche diameter trees have
established on the slope of the Secondary Pond embankment.  No seeps, signs of sloughing, or
signs of slope instability were observed.  (Golder Associates Inc., Inspection of the Ash
Ponds at Little Flint Creek, November 2015)1

In 2010 a slope stability analysis was conducted on the embankment of the Primary Bottom Ash
Pond by ETTL Engineers & Consultants Inc. (ETTL).  According to a slope stability analysis
performed by ETTL, the site coefficients determined for site class C contained in the IBC,
parameters as listed below are recommended by the Code:

Site Coefficients: Fa = 1.60
Fv = 2.40

Maximum Earthquake Spectral Response Acceleration Parameters: SMS = 0.217*
SM1 = 0.139

Design Spectral Response Acceleration Parameters: SDS = 0.144
SD1 = 0.093

*Note: Acceleration used for seismic evaluation.

The minimum factor of safety under static conditions was 1.9, and under seismic conditions was
1.3 (ETTL Engineers & Consultants Inc., Slope Stability Analysis, August 2010)2.
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2.2.4 Surface Water Control

Surface Water is controlled by stormwater diversion berms, reinforced letdowns, perimeter
ditches (with permanent erosion control matting where necessary), and culverts.  A small
portion of run-off from the final cover from a southeast portion of the Landfill will flow to the
Primary Ash Pond (Major Modification, Appendix N-I, March 2014 – Rev. 2, Page PN-26,
ADEQ Doc ID #65699)4.

Discharge

SWEPCO is authorized to discharge through Outfall 101 from ash ponds (bottom ash discharge,
low volume wastewater, and stormwater runoff, including coal pile runoff from a facility, treated
municipal wastewater from the City of Gentry, and spring water/stormwater) from facility located
as follows: approximately 3 miles southwest of Gentry in Benton County, Arkansas to receiving
waters named:

Outfall 001: Little Flint Creek, thence to Flint Creek in Segment 3J of the Arkansas River Basin.
Outfalls 101 and 401: SWEPCO Reservoir, thence to Little Flint Creek, thence to Flint Creek in
Segment 3J of the Arkansas River Basin.

The outfalls are located at the following coordinates (NAD 27):

Outfall 001: Latitude: 36° 14' 0.366"; Longitude: 94° 33' 05.944"
Outfall 101: Latitude: 36° 14' 59.38"; Longitude: 94°31' 34.90"
Outfall 401: Latitude: 36° 15' 29.17"; Longitude: 94°31' 33.80"

Discharge shall be in accordance with effluent limitations, monitoring requirements, and other
conditions set forth in this permit.
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2.3 Previous Investigations – Geotechnical, Groundwater and Other Environmental

§ Golder Associates Inc., Inspection of the Ash Ponds at Little Flint Creek, May 2015
§ Dewberry & Davis, LLC, Dam Assessment Report, December 2011
§ ETTL Engineers & Consultants Inc., Existing Ash Storage Ponds Embankment

Investigations(Revision 2), August 2010.

2.4 Hydrogeologic Setting

Groundwater occurs at various depths and the presence of water appears to be related to a
number of factors, including site lithology, rock type and thickness, and number of fractures
encountered.

Perched groundwater is occasionally present within the upper unconsolidated soils; however,
this perched zone appears discontinuous across the site.  Groundwater can occur in both the
unconsolidated soils and within the limestone.  (Terracon Well Installation Report, August
2011, pg. 7)5

In the area of the Flint Creek Power Plant, water wells supply rural domestic households.
According to state water well records, water wells are typically drilled through the Boone
Formation and Chattanooga Shale into the underlying Ordovician age dolomites, due to the low
yield of the upper Boone Formation.  In general, the total depth of the water wells is
approximately 500 feet below ground surface.  The water wells are usually cased to allow water
production from both the Boone Formation and the Ordovician dolomites.  Yields generally
range from 2 to 30 gallons per minute (gpm).  Some wells within the area have been completed
only within the Boone Formation at a typical depth of approximately 200 feet below ground
surface.  Yields from these wells generally range from 2 to 10 gpm with some wells yielding up
to 100 gpm. (Burns & McDonnell Engineers-Architects-Consultants, Hydrogeologic Site
Characterization, February 1992, Page 20)6

2.4.1 Climate

The Arkansas River Basin lies in a semi-humid region characterized by long summers, relatively
short winters, and a wide range of temperatures. Extremes in air temperatures may vary from
winter lows around 0°F, usually caused by Canadian air masses to summer highs above 100°F.
Extreme temperatures may occur for short periods of time at any location within the study area.
The growing season averages 244 days per year.

The average pan evaporation is about 54.9 inches for the Arkansas River Basin.  Lake
evaporation averages about 69 percent of the class A pan evaporation.
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Precipitation is well distributed throughout the year with the driest periods occurring during the
late summer and early fall.  Mean annual precipitation in the study area ranges from less than
40 inches per year to greater than 52 inches per year (Arkansas State Water Plan, Arkansas
River Basin, pg. 3)7.

2.4.2 Regional and Local Geologic Setting

The Site is located in northwest Arkansas in the Springfield Plateau of the Ozark Plateau’s
Province. The Ozark Plateaus Province covers northern Arkansas and consists of sedimentary
rock strata which have undergone massive uplift and which remain relatively horizontal with only
minor deformation. Stream erosion has removed much of the original surface rock and typically
dissected the area into hills and low mountains. Elevations typically range from 1200 to 1400
feet above mean sea level. Extensive relatively flat areas occur in Benton County (USCS, Soil
Survey of Benton County, Arkansas, January 1977)8. The Site is underlain by the Boone
Formation which consists primarily of limestone and chert of Lower Mississippian age. In-situ
weathering has reduced the limestone, leaving chert and limestone gravel mixed with clay as a
residual soil overburden. The Boone Formation, in this area, consists of a highly weathered
cherty limestone with red to brown clay seams. (Burns & McDonnell Engineers-Architects-
Consultants, Hydrogeologic Site Characterization, February 1992, Page 20)6

Groundwater occurs at various depths and the presence of water appears to be related to a
number of factors, including site lithology, rock type and thickness, and number of fractures
encountered. (FIGURES 4 & 5)

In the vicinity of the study area, the stratigraphy consists of a weathered residuum of the Boone
Formation, overlying the cherty limestone of the Boone Formation (Mississippian).  The Boone
Formation lies conformably atop the St. Joe Member (Mississippian) and together comprises
one hydrostatic unit known as the Boone-St. Joe Aquifer.  Unconformably underlying the Boone-
St. Joe is the Chattanooga Shale (Devonian), which acts as the upper confining layer of the
Sylamore, Clifty, and Everton Aquifers.

In-situ weathering has reduced the limestone, leaving chert and limestone gravel mixed with
clay as residual soil overburden.  The Boone residuum is characterized by red (iron-rich) clay,
weathered limestone and chert.  The thickness of residuum varies from 30 to 50 feet, and the
limestone and chert content also varies in lateral extent.  The chert is typically the remnant of
weathering after the limestone is removed by dissolution in surface and groundwater.

The Boone Formation is a gray, crinoidal limestone abundantly interbedded with gray, black and
blue chert.  It is massive, well cemented and has a thickness of approximately 280 feet in
northwest Arkansas.  It is nearly pure calcium carbonate which is soluble, and therefore
underground drainage channels, sinkholes, caves and fissures can occur.
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The underlying St. Joe Member is typically a light-gray, mud-supported Crinozoan-Bryozoan
crystalline limestone, and is easily recognized by its lack of chert.  In Northern Arkansas, the
formation exhibits a thickness of between 6 to 84 feet, with an average of thickness of 45 feet.

The underlying Chattanooga Shale is a black, fissile and carbonaceous rock with abundant
pyrite.  It thickens (up to 70 feet) westward and acts as a barrier to vertical groundwater flow
(Nature and Extent Groundwater Monitoring Well Installation Report, Terracon. August
2011)9.

2.4.3 Surface Water/Groundwater Interactions

Based on water level elevations, groundwater flow across the pond is to the west.  Currently
there is not enough data to determine if there is surface water to groundwater communication.

2.4.4 Water Users

A spring and well survey was conducted on November 11, 1991. The area within one-quarter
mile of the Site was searched for springs, flowing streams, lakes, ponds, and water wells.
FIGURE 7 includes the results of the survey.  A more recent search of an Arkansas USGS
water well database provided additional wells

The closest water well was located approximately 1995 feet from the landfill boundary. No
springs were located during the spring and well survey. When questioned, plant personnel knew
of no springs within the survey area. All streams within the survey area are intermittent and
were dry at the time of the survey.

Three large ponds are present within the survey area. The pond located in the SW 1/4 of the
NW1/4 of Section 9 contains little water and is used for farming purposes. The plant's bottom
ash storage pond is located in the SW1/4 of the NE1/4 of Section 9. The third pond is in the
northern portion of the SE1/4 of the SE1/4 of Section 5. Two smaller ponds are also present in
the SW1/4 of the SER of Section 5, and in the NW1/4 of the NE1/4 of Section 8. (Burns &
McDonnell Engineers-Architects-Consultants, Hydrogeologic Site Characterization,
February 1992, Page 21)10
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3.0 Certified Groundwater Monitoring Network

3.1 Hydrostratigraphic Units

3.1.1 Horizontal and Vertical Position Relative to CCR Unit

Flint Creek is currently monitored by up-gradient wells AP-51, AP-53, and AP-54 and down-
gradient wells AP-58, AP-59 and AP-60.  The wells monitor the upper part of the Boone
Formation.  Horizontal monitoring well locations relative to the CCR Unit are provided in
FIGURE 3.  Vertical positioning of monitoring wells is shown in TABLE  2  –  WELL
CONSTRUCTION DETAILS.

3.1.2 Overall Flow Conditions

Based on water level elevations from the March 2016 sampling event groundwater flow across
the Primary Bottom Ash Pond is to the west. (FIGURE 6)

3.2 Uppermost Useable Aquifer

3.2.1 CCR Rule Definition

“Aquifer” means a geologic formation, group of formations or portion of a formation capable of
yielding usable quantities of groundwater to wells or springs.

“Uppermost Aquifer” means the geologic formation nearest the natural ground surface that is
an aquifer, as well as lower aquifers that are hydraulically interconnected with this aquifer within
the facility’s property boundary.  Upper limit is measured at a point nearest to the natural ground
surface to which the aquifer rises during the wet season.

Common Definition

“Aquifer” is a geologic formation(s) that is water bearing.  A geological formation or structure
that stores and/or transmits water, such as to wells and springs.  Use of the term is usually
restricted to those water-bearing formations capable of yielding water in sufficient quantity to
constitute a usable supply for people’s uses. (USGS, Water Science Glossary of Terms)

3.2.2 Identified Onsite Hydrostratigraphic Unit

3.2.2.1 Relative Position to CCR Unit

Based on water level elevations from the March 2016 sampling event groundwater flow across
the pond is to the west (FIGURE 6).  The current groundwater monitoring network consists of up
gradient wells AP-51, AP-53, and AP-54 and down gradient wells AP-58, AP-59 and AP-60.
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3.2.2.2 Water Quality

Rural domestic household water wells installed in the upper Boone-St. Joe Formation typically
do not yield large quantities of water.  Wells within the area completed only within the Boone
Formation are installed at a typical depth of approximately 200 feet below ground surface.
Yields from these wells generally range from 2 to 10 gpm with some wells yielding up to 100
gpm.  The underlying Roubidoux Formation and Gunter Sandstone are the most regionally
significant water bearing units in this area, and the units are typically encountered at depths of
greater than 1,200 feet below land surface.

Wells in the Roubidoux Formation yield an average of less than 150 gal/min, but can yield up to
450 gal/min. Well yields from the Gunter average more than 200 gal/min, with local yields up to
500 gal/min.  The depth to water in the Gunter Sandstone ranges from approximately 27 to 465
feet below land surface in the study area, and the depth to water in the Roubidoux Formation
ranges from approximately 90 to 200 feet below land surface.  Year-to-year water-level
fluctuations are due primarily to temporal variations in pumpage and do not represent long-term
trends.

Analyses of samples from wells tapping subsurface rock units show that water in these units is a
moderately hard to very hard, calcium and magnesium carbonate water.  The quality of water
from these units is well within the established drinking water standards with the exception of
high iron and nitrate concentrations in a few isolated Benton County wells.  The subsurface rock
units will yield fresh water in Benton and Washington Counties, but the water becomes
mineralized and is unusable to the south (Arkansas State Water Plan, Arkansas River Basin,
pg. 121)11

3.2.3.3 Users/Receptors

A spring and well survey was conducted on November 11, 1991. The area within one-quarter
mile of the Site was searched for springs, flowing streams, lakes, ponds, and water wells.
FIGURE 7 includes the results of the survey.  A more recent search of an Arkansas USGS
water well database provided additional wells

The closest water well was located approximately 1995 feet from the Primary Bottom Ash Pond
boundary. No springs were located during the spring and well survey. When questioned, plant
personnel knew of no springs within the survey area. All streams within the survey area are
intermittent and were dry at the time of the survey.

Three large ponds are present within the survey area. The pond located in the SW 1/4 of the
NW1/4 of Section 9 contains little water and is used for farming purposes. The plant's bottom
ash storage pond is located in the SW1/4 of the NE1/4 of Section 9. The third pond is in the
northern portion of the SE1/4 of the SE1/4 of Section 5. Two smaller ponds are also present in
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the SW1/4 of the SER of Section 5, and in the NW1/4 of the NE1/4 of Section 8. (Burns &
McDonnell Engineers-Architects-Consultants, Hydrogeologic Site Characterization,
February 1992, Page 21)10

3.3 Existing Monitoring Network

3.3.1 Overview

The current groundwater monitoring network at the Flint Creek Primary Bottom Ash Pond
consists of 6 groundwater monitoring wells (AP-51, AP-53, AP-54, AP-58, AP-59 and AP-60).
The groundwater monitoring network was previously evaluated to determine compliance with
the new CCR requirements.  Based upon the review AEP installed 3 new downgradient
groundwater monitoring wells.  Wells AP-58 and AP-59 were installed on February 4, 2016. In
December, 2016 well AP-52 was decommissioned and replaced with well AP-60. With the
installation of the 3 new wells the current groundwater monitoring network at the Primary Bottom
Ash Pond complies with the new CCR requirements.

3.3.1.1 Well Construction Summary Table

Please refer to TABLE 2 for construction details of the groundwater monitoring wells.

3.3.1.2 Depth Ranges and Hydrostratigraphic units monitored

Please refer to TABLE 1 for groundwater elevation data taken from the groundwater monitoring
system.

3.3.1.3 Position in Terms of Flow Directions and Distance from Waste Boundary

Based on water level elevations from the March 2016 sampling event groundwater flow across
the pond is to the west (FIGURE  6).  The groundwater monitoring network consists of up
gradient wells AP-51, AP-53, and AP-54 and down gradient wells AP-58, AP-59 and AP-60.

3.3.1.4 Uppermost Useable Aquifer

The groundwater monitoring network at the Flint Creek Primary Bottom Ash Pond is installed to
monitor the uppermost aquifer at the facility.  The uppermost usable aquifer at the site is the
Mississippian age Boone Formation.
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3.3.1.5 Insufficient Definition of Background Water Quality

Background water quality data will need to be reestablished according to the new requirements
set by 40 CFR 257 using Appendix III and IV Constituents for groundwater monitoring at CCR
units.  Background concentrations need to be established by October 17, 2017 in accordance
with §257.90.

Appendix III to Part 257—Constituents for Detection Monitoring

Common Name1

Boron
Calcium
Chloride
Fluoride
pH
Sulfate
Total Dissolved
Solids

1 Common names are those widely used in government regulations, scientific publications, and commerce; synonyms exist for many
chemicals.

Appendix IV to Part 257—Constituents for Assessment Monitoring

Common Name1

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Fluoride
Lead
Lithium
Mercury
Molybdenum
Selenium
Thallium
Radium 226 and 228
combined

1 Common names are those widely used in government regulations, scientific publications, and commerce; synonyms
exist for many chemicals.
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Well AP-51 AP-52 AP-53 AP-54 AP-55 AP-56 AP-57 AP-58 AP-59 AP-60
Date
7/20/2011 1144.38 1134.59 1145.13 1142.71 1139.16 1136.90 1134.72

10/26/2011 1143.72 1131.70 1142.57 1140.03 1136.80 1133.71 1131.37
1/24/2012 1144.41 1134.85 1145.28 1141.57 1139.01 1136.53 1134.95
4/25/2012 1144.23 1137.08 1142.88 1140.79 1138.74 1087.86 1137.24
7/31/2012 1143.60 1133.35 1143.19 1140.75 1136.59 1134.94 1133.27

10/24/2012 1142.56 1131.67 1141.35 1137.99 1135.18 1132.36 1130.20
1/29/2013 1141.08 (dry) 1139.86 1136.43 1133.83 1130.78 1129.74
4/23/2013 1145.20 1136.01 1143.28 1141.11 1140.83 1139.10 1136.30
8/13/2013 1143.67 1133.40 1143.29 1140.59 1138.25 1137.03 1135.92

10/21/2013 1143.48 1134.74 1144.49 1142.07 1137.29 1135.89 1134.96
1/29/2014 1144.12 1134.68 1143.69 1141.30 1138.76 1137.30 1135.80
4/30/2014 1142.45 1135.04 1140.98 1137.81 1135.77 1135.72 1135.25
7/23/2014 1144.04 1134.64 1143.57 1140.99 1138.56 1137.23 1135.71

10/16/2014 1143.87 (dry) 1144.42 1142.71 1142.13 1138.36 1135.32
1/20/2015 1143.45 (dry) 1144.19 1142.82 1141.87 1137.80 1134.75
4/28/2015 1144.27 (dry) 1142.73 1140.23 1138.55 1137.23 1136.50
7/22/2015 1145.15 1138.77 1143.23 1140.90 1139.87 1138.75 1137.35

10/20/2015 1140.13 (dry 1143.70 1141.39 1136.91 1135.73 1133.83
3/15/2016 1143.85 1134.68 1143.46 1141.03 1137.33 1135.89 1134.12 1136.88 1135.68

Seasonal High 1145.20 1138.77 1145.28 1142.82 1142.13 1139.10 1137.35 1136.88 1135.68 -

Note:  AP-52 was decommiss ioned in December, 2016 and replaced with AP-60.

Groundwater Elevations (FMSL)
Primary Bottom Ash Pond

AEP – Flint Creek
TABLE 1



Well Number Latitude Longitude Ground Surface
Elevation

Top of Casing
Elevation

Borehole Depth
ft.bls

Date
Installed

Screen
Material

Well
Diameter

inches

Top of
Screen

Depth ft.
bls

Top of
Screen

Elevation
ft. msl

Bottom of
Screen

Depth ft.
bls

Bottom of
Screen

Elevation
ft. msl

AP-51 36° 15' 15.04552" 94° 31' 00.57349" 1160.10 1163.23 35 6/12/2011 PVC 2 17 1143.10 32.4 1130.83
AP-52 36° 15' 12.25697" 94° 31' 29.06821" 1155.90 1158.89 26 6/13/2011 PVC 2 9.2 1146.70 24.6 1134.29
AP-53 36° 15' 04.97559" 94° 31' 13.55592" 1156.40 1159.34 30 6/12/2011 PVC 2 13.8 1142.60 29.05 1130.29
AP-54 36° 15' 00.19114" 94° 31' 31.64012" 1164.70 1167.71 31.5 6/11/2011 PVC 2 14.6 1150.10 30 1137.71
AP-55 36° 14' 55.13143" 94° 31' 25.45525" 1153.80 1156.86 26.5 6/9/2011 PVC 2 8.75 1145.05 24.15 1132.71
AP-56 36° 14' 54.52789" 94° 31' 31.04075" 1155.60 1158.77 36 6/8/2011 PVC 2 19.5 1136.10 34.9 1123.87
AP-57 36° 14' 55.97604" 94° 31' 36.16662" 1154.10 1157.31 25 6/8/2011 PVC 2 9.6 1144.50 25 1132.31
AP-58 36° 15' 06.5928" 94° 31' 26.6690" 1155.02 1154.65 69 2/16/2016 PVC 2 58.45 1096.57 68.85 1085.80
AP-59 36° 15' 06.7003" 94° 31' 26.7060" 1151.83 1155.14 30 2/4/2016 PVC 2 19.89 1131.94 30.29 1124.85
AP-60 36° 15' 11.6378" 94° 31' 29.0189" 1154.01 1156.93 48.5 12/8/2016 PVC 2 38.15 1115.86 48.45 1108.48

TABLE 2
AEP - FLINT CREEK

Primary Bottom Ash Pond
MONITORING WELL CONSTRUCTION DETAILS

Note: AP-52 was decommissioned in December, 2016 and replaced with AP-60.
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1.0 Objective

The purpose of this Groundwater Monitoring Network Report (GWMNR) is to demonstrate
adequacy and compliance of the existing monitoring well network with EPA Coal Combustion
Residuals (CCR) regulations at the Southwestern Electric Power Company (SWEPCO) – Flint
Creek Class 3N Landfill (Permit No. 0273-S3N-R2).

2.0 Background Information

2.1 Facility Location Description

The SWEPCO facility consists of an approximately 40-acre permitted Class 3N Landfill and
various support facilities including entrance roads, leachate and contact water storage ponds,
bottom ash ponds, vehicle/equipment facilities, groundwater monitoring facilities, and storm
water control systems. The site is located in portions of Section 8, Township 18 North, and
Range 33 West in Benton County, Arkansas (FIGURE 1 & 2).

2.2 Description of CCR Unit

2.2.1 Embankment Configuration

The landfill location is shown on FIGURE 3.  The underlying limestone was described as light
gray, hard with weathered/fractured zones.  The facility is currently performing improvements to
the landfill.  The landfill embankments are being constructed with 3:1 interior slopes.  The
outside embankment slopes vary from approximately 4:1 to 2:1.  A geosynthetic intermediate
liner and collection system are currently being installed above existing wastes in the landfill.
The remaining portions of the landfill are receiving final cover which includes a flexible
membrane liner.  After completion of the improvements the entire landfill will be covered with a
flexible membrane liner (SWEPCO, “Ash Landfill Major Modification – Construction
Drawings”, Flint Creek, Dated April 2011)1.

2.2.2 Area/Volume

SWEPCO currently own, operate, and maintain a Class 3N landfill facility located in Gentry,
Arkansas. The Class 3N landfill is operated under the authority of the ADEQ Permit No. 0273-
S3N-R2 issued on December 20, 2014. The landfill is permitted for approximately 2,854,000
Cubic Yards on 40 Acres of disposal area.
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2.2.3 Construction and Operational History

The Flint Creek Power Plant was constructed from 1974 to 1978, and power production and fly
ash disposal began in 1978. Ash was first disposed of in the east half on the landfill. The fly ash
is removed from the fly ash storage silo and transported to the landfill in trucks. (Burns &
McDonnell Engineers-Architects-Consultants, Hydrogeologic Site Characterization,
February 1992, Page 12)2

As part of the permitting process, several soil borings were advanced to characterize the soil
beneath the landfill. Five of the borings were converted to monitoring wells (B-01B to B-05).
Monitoring wells B-01B, B-02, B-04, and B-05 are located at approximately the midpoint on
each side of the landfill. Well B-05 is on the southern side and is an up gradient well. Monitoring
well B-03, located in the center of the landfill was used during the initial hydrogeological site
characterization and subsequently plugged and abandoned in February, 1993. The well’s
location in the middle of the active fill area necessitated its closure.

An additional monitoring well, B-06, was added in 2001. Well B-06 is located just north of the
northwest corner of the landfill.

Three additional wells, B-07A, B-07C, and B-08, were added in May 2007. B-07A and B-07C
were added north of the northern edge of the landfill. Monitoring well B-07A is set in competent
bedrock at 100 feet below ground surface (bgs). Monitoring well B-07C is set on top of bedrock
at 35.5 feet bgs and does not contain a sufficient amount of groundwater for the collection of a
sample. Usually there is less than 0.5 feet of water in the well. Monitoring well B-07C was
decommissioned and plugged in February 2016 and is not used for the preparation of the
potentiometric surface map. Monitoring well B-08 was sited to the west of the southwest corner
of the landfill. B-08 was set at 50 feet bgs which is above the bedrock.  Monitoring well B-08
was inadvertently damaged on October 20, 2012, by a D-10 bulldozer and therefore plugged in
December 2012.

An additional monitoring well, NE-8, was added in June 2011 as part of Nature and Extent Well
installations.  In November 2015 the well was renamed B-09 and added to the groundwater
monitoring network wells.

Two additional wells, B-10 and B-11, were added on the west side of the landfill in November
2015.  B-10 was installed adjacent to previously plugged well B-08 to serve as a replacement.

Two additional wells, B-12 and B-13, were added in February 2016.  B-12 is located just north of
the northeast corner of the landfill and B-13 is at the southeast corner.  The 2 wells were added
to bring the groundwater monitoring network into compliance with CCR requirements.
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Leachate has been collected since April, 2010, using a leachate collection system located inside
the landfill berm in the southeast corner of the landfill. The leachate is sampled for laboratory
analysis at the same time as the groundwater monitoring wells and its sample identification is
SW-1.

2.2.4 Surface Water Control

The drainage channels (perimeter ditches, letdowns, and terrace ditches) and culverts are
designed to collect and convey stormwater run-off from the 10-year/24-hour storm event (design
storm event), in accordance with the requirements of Reg.22.517(b), Reg.22.518, and
Reg.22.527 from the Arkansas Department of Environmental Quality Solid Waste Management
Rules.

Surface Water will be controlled by stormwater diversion berms, reinforced letdowns, perimeter
ditches (with permanent erosion control matting where necessary), and culverts.  The majority
of the flow from the Landfill flows to two dedicated sediment ponds (the North Sediment Pond
and the West Sediment Pond).  The discharge points from the North and West Sediment ponds
are shown on FIGURE 2.  A small portion of run-off from a southeast portion of the Landfill will
flow to the Primary Ash Pond (Major Modification, Appendix N-I, March 2014 – Rev. 2, Page
PN-26, ADEQ Doc ID #65699)3.

Discharge

SWEPCO is authorized to discharge once-through condenser cooling water through Outfall 401
and combined wastewater through Outfall 101 from ash ponds (bottom ash discharge, low
volume wastewater, and stormwater runoff, including coal pile runoff from a facility, treated
municipal wastewater from the City of Gentry, and spring water/stormwater) from facility located
as follows: approximately 3 miles southwest of Gentry in Benton County, Arkansas to receiving
waters named:

Outfall 001: Little Flint Creek, thence to Flint Creek in Segment 3J of the Arkansas River Basin.
Outfalls 101 and 401: SWEPCO Reservoir, thence to Little Flint Creek, thence to Flint Creek in
Segment 3J of the Arkansas River Basin.

The outfalls are located at the following coordinates (NAD 27):

Outfall 001: Latitude: 36° 14' 0.366"; Longitude: 94° 33' 05.944"
Outfall 101: Latitude: 36° 14' 59.38"; Longitude: 94°31' 34.90"
Outfall 401: Latitude: 36° 15' 29.17"; Longitude: 94°31' 33.80"

Discharge shall be in accordance with effluent limitations, monitoring requirements, and other
conditions set forth in this permit.
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2.3 Previous Investigations

Geotechnical
§ Hull & Associates Inc., Permit Modification Application, March 2014, Section 3, Page

PN-7
§ Burns & McDonnell Engineers-Architects-Consultants, Hydrogeologic Site

Characterization, February 1992,  Section 2, pg. 2-1
Groundwater and Other Environmental
§ Burns & McDonnell Engineers-Architects-Consultants, Hydrogeologic Site

Characterization, February 1992, Section 4. Page 4-1

2.4 Hydrogeologic Setting

Groundwater occurs at various depths and the presence of water appears to be related to a
number of factors, including site lithology, rock type and thickness, and number of fractures
encountered.

Perched groundwater is occasionally present within the upper unconsolidated soils; however,
this perched zone appears discontinuous across the site.  Groundwater can occur in both the
unconsolidated soils and within the limestone.  (Terracon Well Installation Report, August
2011, pg. 7)4

In the area of the Flint Creek Power Plant, water wells supply rural domestic households.
According to state water well records, water wells are typically drilled through the Boone
Formation and Chattanooga Shale into the underlying Ordovician age dolomites, due to the low
yield of the upper Boone Formation.  In general, the total depth of the water wells is
approximately 500 feet below ground surface.  The water wells are usually cased to allow water
production from both the Boone Formation and the Ordovician dolomites.  Yields generally
range from 2 to 30 gallons per minute (gpm).  Some wells within the area have been completed
only within the Boone Formation at a typical depth of approximately 200 feet below ground
surface.  Yields from these wells generally range from 2 to 10 gpm with some wells yielding up
to  100  gpm.  (Burns & McDonnel Engineers-Architects-Consultants, Hydrogeologic Site
Characterization, February 1992, Page 20)5

2.4.1 Climate

The Arkansas River Basin lies in a semi-humid region characterized by long summers, relatively
short winters, and a wide range of temperatures. Extremes in air temperatures may vary from
winter lows around 0°F, usually caused by Canadian air masses to summer highs above 100°F.



Report 1 – Groundwater Monitoring Network for CCR Compliance
SWEPCO – Flint Creek ■ Class 3N Landfill
Project No. 35157124 ■ August 2016

Responsive ■ Resourceful ■ Reliable 5

Extreme temperatures may occur for short periods of time at any location within the study area.
The growing season averages 244 days per year.

The average pan evaporation is about 54.9 inches for the Arkansas River Basin.  Lake
evaporation averages about 69 percent of the class A pan evaporation.

Precipitation is well distributed throughout the year with the driest periods occurring during the
late summer and early fall.  Mean annual precipitation in the study area ranges from less than
40 inches per year to greater than 52 inches per year (Arkansas State Water Plan, Arkansas
River Basin, pg. 3)6.

2.4.2 Regional and Local Geologic Setting

The Site is located in northwest Arkansas in the Springfield Plateau of the Ozark Plateau’s
Province. The Ozark Plateaus Province covers northern Arkansas and consists of sedimentary
rock strata which have undergone massive uplift and which remain relatively horizontal with only
minor deformation. Stream erosion has removed much of the original surface rock and typically
dissected the area into hills and low mountains. Elevations typically range from 1200 to 1400
feet above mean sea level. Extensive relatively flat areas occur in Benton County (USCS, Soil
Survey of Benton County, Arkansas, January 1977)7. The Site is underlain by the Boone
Formation which consists primarily of limestone and chert of Lower Mississippian age. In-situ
weathering has reduced the limestone, leaving chert and limestone gravel mixed with clay as a
residual soil overburden. The Boone Formation, in this area, consists of a highly weathered
cherty limestone with red to brown clay seams. (Burns & McDonnell Engineers-Architects-
Consultants, Hydrogeologic Site Characterization, February 1992, Page 20)5

Groundwater occurs at various depths and the presence of water appears to be related to a
number of factors, including site lithology, rock type and thickness, and number of fractures
encountered. (FIGURES 4 & 5)

In the vicinity of the study area, the stratigraphy consists of a weathered residuum of the Boone
Formation, overlying the cherty limestone of the Boone Formation (Mississippian).  The Boone
Formation lies conformably atop the St. Joe Member (Mississippian) and together comprise one
hydrostatic unit known as the Boone-St. Joe Aquifer.  Unconformably underlying the Boone-St.
Joe is the Chattanooga Shale (Devonian), which acts as the upper confining layer of the
Sylamore, Clifty, and Everton Aquifers.

In-situ weathering has reduced the limestone, leaving chert and limestone gravel mixed with
clay as residual soil overburden.  The Boone residuum is characterized by red (iron-rich) clay,
weathered limestone and chert.  The thickness of residuum varies from 30 to 50 feet, and the
limestone and chert content also varies in lateral extent.  The chert is typically the remnant of
weathering after the limestone is removed by dissolution in surface and groundwater.
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The Boone Formation is a gray, crinoidal limestone abundantly interbedded with gray, black and
blue chert.  It is massive, well cemented and has a thickness of approximately 280 feet in
northwest Arkansas.  It is nearly pure calcium carbonate which is soluble, and therefore
underground drainage channels, sinkholes, caves and fissures can occur.

The underlying St. Joe Member is typically a light-gray, mud-supported Crinozoan-Bryozoan
crystalline limestone, and is easily recognized by its lack of chert.  In Northern Arkansas, the
formation exhibits a thickness of between 6 to 84 feet, with an average of thickness of 45 feet.

The underlying Chattanooga Shale is a black, fissile and carbonaceous rock with abundant
pyrite.  It thickens (up to 70 feet) westward and acts as a barrier to vertical groundwater flow
(Nature and Extent Groundwater Monitoring Well Installation Report, Terracon. August
2011)8.

2.4.3 Surface Water/Groundwater Interactions

Based on water level elevations, groundwater flow across the Landfill is to the west.  Currently
there is not enough data to determine if there is surface water to groundwater communication
near the Landfill.

2.4.4 Water Users

A spring and well survey was conducted on November 11, 1991. The area within one-quarter
mile of the Site was searched for springs, flowing streams, lakes, ponds, and water wells.
FIGURE 7 includes the results of the survey.  A more recent search of an Arkansas USGS
water well database provided additional wells.

The closest water well was located approximately 1457 feet from the landfill boundary. No
springs were located during the spring and well survey. When questioned, plant personnel knew
of no springs within the survey area. All streams within the survey area are intermittent and
were dry at the time of the survey.

Three large ponds are present within the survey area. The pond located in the SW 1/4 of the
NW1/4 of Section 9 contains little water and is used for farming purposes. The plant's bottom
ash storage pond is located in the SW1/4 of the NE1/4 of Section 9. The third pond is in the
northern portion of the SE1/4 of the SE1/4 of Section 5. Two smaller ponds are also present in
the SW1/4 of the SER of Section 5, and in the NW1/4 of the NE1/4 of Section 8. (Burns &
McDonnell Engineers-Architects-Consultants, Hydrogeologic Site Characterization,
February 1992, Page 21)9
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3.0 Certified Groundwater Monitoring Network

3.1 Hydrostratigraphic Units

3.1.1 Horizontal and Vertical Position Relative to CCR Unit

Flint Creek is monitored by up-gradient wells B-4, B-12 and B-13 side-gradient wells B-1B, B-
7C, and B-5, and down-gradient wells B-2, B-6, B-9, B-10, and B-11.  The wells monitor the
upper part of the Boone Formation.  Horizontal monitoring well locations relative to the CCR
Unit are provided in FIGURE 3.  Vertical positioning of monitoring wells is shown in TABLE 2 –
WELL CONSTRUCTION DETAILS.

3.1.2 Overall Flow Conditions

Based on water level elevations from the March 2016 Sampling Event, groundwater flow is to
the west across the landfill (FIGURE 6).

3.2 Uppermost Useable Aquifer

3.2.1 CCR Rule Definition

“Aquifer” means a geologic formation, group of formations or portion of a formation capable of
yielding usable quantities of groundwater to wells or springs.

“Uppermost Aquifer” means the geologic formation nearest the natural ground surface that is
an aquifer, as well as lower aquifers that are hydraulically interconnected with this aquifer within
the facility’s property boundary.  Upper limit is measured at a point nearest to the natural ground
surface to which the aquifer rises during the wet season.

Common Definition

“Aquifer” is a geologic formation(s) that is water bearing.  A geological formation or structure
that stores and/or transmits water, such as to wells and springs.  Use of the term is usually
restricted to those water-bearing formations capable of yielding water in sufficient quantity to
constitute a usable supply for people’s uses. (USGS, Water Science Glossary of Terms)

3.2.2 Identified Onsite Hydrostratigraphic Unit

3.2.2.1 Relative Position to CCR Unit

Based on water level elevations from the March 2016 Sampling Event, groundwater flow is to
the west across the landfill (FIGURE  6).  The groundwater monitoring network consist of up
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gradient wells, B-4, B-12 and B-13 side gradient wells B1-B, B5, B7-A, and down gradient wells
B2, B6, B-9, B10, and B11.

3.2.3.2 Water Quality

Rural domestic household water wells installed in the upper Boone-St. Joe Formation typically
do not yield large quantities of water.  Wells within the area completed only within the Boone
Formation are installed at a typical depth of approximately 200 feet below ground surface.
Yields from these wells generally range from 2 to 10 gpm with some wells yielding up to 100
gpm.  The underlying Roubidoux Formation and Gunter Sandstone are the most regionally
significant water bearing units in this area, and the units are typically encountered at depths of
greater than 1,200 feet below land surface.

Wells in the Roubidoux Formation yield an average of less than 150 gal/min, but can yield up to
450 gal/min. Well yields from the Gunter average more than 200 gal/min, with local yields up to
500 gal/min.  The depth to water in the Gunter Sandstone ranges from approximately 27 to 465
feet below land surface in the study area, and the depth to water in the Roubidoux Formation
ranges from approximately 90 to 200 feet below land surface.  Year-to-year water-level
fluctuations are due primarily to temporal variations in pumpage and do not represent long-term
trends.

Analyses of samples from wells tapping subsurface rock units show that water in these units is a
moderately hard to very hard, calcium and magnesium carbonate water.  The quality of water
from these units is well within the established drinking water standards with the exception of
high iron and nitrate concentrations in a few isolated Benton County wells.  The subsurface rock
units will yield fresh water in Benton and Washington Counties, but the water becomes
mineralized and is unusable to the south (Arkansas State Water Plan, Arkansas River Basin,
pg. 121)10

3.2.3.3 Users/Receptors

A spring and well survey was conducted on November 11, 1991. The area within one-quarter
mile of the Site was searched for springs, flowing streams, lakes, ponds, and water wells.
FIGURE 7 includes the results of the survey.  A more recent search of an Arkansas USGS
water well database provided additional wells.

The closest water well was located approximately 1457 feet from the landfill boundary. No
springs were located during the spring and well survey. When questioned, plant personnel knew
of no springs within the survey area. All streams within the survey area are intermittent and
were dry at the time of the survey.
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Three large ponds are present within the survey area. The pond located in the SW 1/4 of the
NW1/4 of Section 9 contains little water and is used for farming purposes. The plant's bottom
ash storage pond is located in the SW1/4 of the NE1/4 of Section 9. The third pond is in the
northern portion of the SE1/4 of the SE1/4 of Section 5. Two smaller ponds are also present in
the SW1/4 of the SER of Section 5, and in the NW1/4 of the NE1/4 of Section 8. (Burns &
McDonnell Engineers-Architects-Consultants, Hydrogeologic Site Characterization,
February 1992, Page 21)9

3.3 Review of Existing Monitoring Network

3.3.1 Overview

The current groundwater monitoring system at the Flint Creek Class 3N Landfill consists of 11
groundwater monitoring wells (B-1B, B-2, B-4, B-5, B-6, B-7A, B-9, B-10, B-11, B-12 and B-13).
The groundwater monitoring network was evaluated to determine compliance with the new CCR
requirements.  In February 2016 AEP installed up gradient monitoring wells B-12 and B-13 to
comply with the new CCR requirements.  The groundwater monitoring network complies with
the CCR requirments.

3.3.1.1 Well Construction Summary Table

Please refer to TABLE 2 for construction details of the groundwater monitoring wells.

3.3.1.2 Depth Ranges and Hydrostratigraphic units monitored

Please refer to TABLE 1 for groundwater elevation data taken from the groundwater monitoring
system.

3.3.1.3 Position in Terms of Flow Directions and Distance from Waste Boundary

Based on water level elevations, groundwater flow is to the west across the landfill (March 2016
Sampling Event). (FIGURE 6)  The groundwater monitoring network consist of up gradient
wells, B-4, B-12 and B-13 side gradient wells B1-B, B5, B7-A, and down gradient wells B2, B6,
B-9, B10, and B11.

3.3.1.4 Uppermost Useable Aquifer

The groundwater monitoring network at the Flint Creek Class 3N Landfill is installed to monitor
the uppermost aquifer at the facility.  The uppermost usable aquifer at the site is the
Mississippian age Boone Formation.  Groundwater flow is to the west and north.
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3.3.1.5 Insufficient Definition of Background Water Quality

Background water quality data will need to be reestablished according to the new requirements
set by 40 CFR 257 using Appendix III and IV Constituents for groundwater monitoring at CCR
units.  Background concentrations need to be established by October 17, 2017 in accordance
with §257.90.

Appendix III to Part 257—Constituents for Detection Monitoring

Common Name1

Boron
Calcium
Chloride
Fluoride
pH
Sulfate
Total Dissolved
Solids

1 Common names are those widely used in government regulations, scientific publications, and commerce; synonyms exist for many
chemicals.

Appendix IV to Part 257—Constituents for Assessment Monitoring

Common Name1

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Fluoride
Lead
Lithium
Mercury
Molybdenum
Selenium
Thallium
Radium 226 and 228
combined

1 Common names are those widely used in government regulations, scientific publications, and commerce; synonyms
exist for many chemicals.
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LEGEND:

LANDFILL WASTE BOUNDARY

MONITORING WELL

NOTE:

WELL B-9 WAS PREVIOUSLY WELL NE-8.
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LEGEND:

LANDFILL WASTE BOUNDARY

CROSS SECTION LOCATION

MONITORING WELL

NOTE:
CROSS SECTIONAL INFORMATION DEPICTED
IN THESE CROSS SECTIONS WERE TAKEN
FROM THE FOLLOWING SOURCES:

TOPOGRAPHIC INFORMATION:
SURVEY PROVIDED BY AEP, AND IS AN
AERIAL SURVEY PERFORMED BY HENDERSON
AERIAL SURVEYS, INC., DATED APRIL 30, 2015.

BOTTOM GRADING INFORMATION:
B-1B - B-5 WELL INSTALLATION LOGS
PERFORMED BY BURNS & McDONNELL,
DATING NOVEMBER 25, 1991 THROUGH
MARCH 1, 1993.
B-6 WELL INSTALLATION LOG PERFORMED BY
ANDERSON ENGINEERING, DATED OCTOBER
8, 2001.
B-7A & B-8 WELL INSTALLATION LOG
PERFORMED BY TERRACON CONSULTANTS,
INC., DATING MAY 16, 2007 & MAY 17, 2007.

UPPERMOST AQUIFER:
DATA FROM SAMPLING EVENTS PERFORMED
BY AMERICAN ELECTRIC POWER, DATING
FROM NOVEMBER 1, 1994 THROUGH
MARCH 15, 2016.



C
on

su
lti

ng
En

gi
ne

er
s

an
d

Sc
ie

nt
is

ts

NOTE:
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SURVEY PERFORMED BY HENDERSON AERIAL
SURVEYS, INC., DATED APRIL 30, 2015.

BOTTOM GRADING INFORMATION:
B-1B - B-5 WELL INSTALLATION LOGS
PERFORMED BY BURNS & McDONNELL,
DATING NOVEMBER 25, 1991 THROUGH
MARCH 1, 1993.
B-6 WELL INSTALLATION LOG PERFORMED BY
ANDERSON ENGINEERING, DATED OCTOBER
8, 2001.
B-7A & B-8 WELL INSTALLATION LOG
PERFORMED BY TERRACON CONSULTANTS,
INC., DATING MAY 16, 2007 & MAY 17, 2007.

UPPERMOST AQUIFER:
DATA FROM SAMPLING EVENTS PERFORMED
BY AMERICAN ELECTRIC POWER, DATING
FROM NOVEMBER 1, 1994 THROUGH
MARCH 15, 2016.
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LEGEND:

LANDFILL WASTE BOUNDARY

GROUNDWATER CONTOUR (IDX.)

MONITORING WELL

GROUNDWATER CONTOUR (INT.)

1147.66 GROUNDWATER LEVEL

GROUNDWATER FLOW DIRECTION

NOTE:

1. GROUNDWATER ELEVATIONS TAKEN FROM SAMPLING EVENT
ON MARCH 15, 2016.
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Well B-1B B-2 B-4 B-5 B-6 B-7A B-8 B-9 B-10 B-11 B-12 B-13
Date

11/1/1994 1136.36 1135.22 1136.70 1137.53
4/27/1995 1144.40 1147.24 1148.62 1147.29
11/3/1995 1138.12 1137.71 1137.11 1138.79
5/7/1996 1137.94 1137.77 1138.21 1138.96

11/7/1996 1135.72 1142.14 1147.28 1141.58
5/1/1997 1145.86 1144.76 1145.45 1146.15

12/9/1997 1140.96 1142.40 1144.41 1142.58
5/28/1998

11/18/1998 1141.95 1142.93 1143.55 1144.45
5/12/1999 1147.91 1149.13 1150.53 1150.36

11/10/1999 1138.18 1138.39 1138.70 1139.39
5/10/2000 1138.54 1139.74 1142.03 1139.98

11/21/2000 1141.76 1142.67 1143.30 1144.04
5/16/2001 1142.22 1141.77 1142.18 1142.90

11/14/2001 1138.94 1138.90 1139.18 1140.36 1137.73
5/22/2002 1145.47 1146.60 1147.79 1147.34 1145.38

11/19/2002 1139.02 1140.34 1140.60 1140.41 1139.34
5/20/2003 1141.98 1144.86 1147.27 1143.72 1144.09

11/19/2003 1137.35 1138.21 1139.16 1138.84 1137.47
5/11/2004 1151.26 1152.99 1154.03 1152.90 1151.85

11/16/2004 1142.87 1143.88 1144.25 1144.84 1142.72
5/25/2005 1142.22 1142.28 1143.00 1143.02 1141.16
8/17/2005 1140.84 1141.69 1142.28 1142.19 1140.71

11/30/2005 1139.00 1139.52 1139.68 1140.17 1134.49
2/15/2006 1137.43 1137.87 1138.02 1138.58 1136.87
5/17/2006 1141.19 1142.77 1143.23 1143.27 1141.55
8/24/2006 1139.80 1141.15 1141.71 1141.19 1140.24
12/7/2006 1141.49 1143.74 1144.50 1143.70 1142.62
2/20/2007 1147.28 1148.15 1149.01 1149.09 1146.98
5/23/2007 1143.35 1144.34 1144.76 1145.15 1143.15 1143.24 1144.28
8/22/2007 1141.04 1141.88 1142.08 1142.40 1140.82 1141.32 1141.93
1/23/2008 1147.28
5/14/2008 1150.64 1150.15 1150.61 1151.00 1148.90 1151.29 1149.62
10/8/2008 1148.33 1148.48 1148.94 1149.35 1147.28 1148.51 1148.19
1/7/2009 1144.64

4/14/2009 1148.31 1150.36 1152.18 1150.22 1149.59 1148.18 1149.85
7/29/2009 1145.69 1145.77 1146.07 1146.63 1144.66 1146.21
8/21/2009

10/28/2009 1149.07 1152.29 1154.20 1152.35 1151.21 1148.65 1151.74
1/27/2010 1144.64 1145.90 1146.69 1145.75 1144.93 1145.10 1145.68
5/18/2010 1146.76 1147.76 1149.38 1148.24 1146.93 1147.24 1147.45
8/25/2010 1144.18 1144.80 1145.00 1144.91 1143.74 1144.60 1144.80

11/30/2010 1141.62 1142.27 1142.57 1143.04 1141.33 1142.21 1142.30
2/24/2011 1142.81 1144.86 1145.00 1145.12 1143.81 1153.48 1144.98
5/25/2011 1149.84 1154.68 1156.89 1152.07 1154.14 1150.77 1151.07
7/20/2011 1145.83 1145.85 1146.10 1146.59 1144.78 1146.46 1145.91 1152.77

10/26/2011 1144.35 1145.40 1145.49 1146.03 1144.23 1144.54 1145.59 1153.02
1/24/2012 1145.75 1146.02 1146.30 1146.72 1144.90 1146.07 1146.03 1158.63
4/25/2012 1146.88 1146.67 1147.08 1147.66 1145.47 1147.56 1146.71 1153.85
7/31/2012 1143.69 1144.37 1144.49 1144.79 1143.36 1144.11 1144.44 1151.94

10/24/2012 1142.76 1143.57 1143.67 1144.12 1142.58 1143.19 plugged 1151.94
1/29/2013 1141 1141.52 1141.58 1142.16 1140.53 1141.93 1151.5
4/23/2013 1148.99 1151.21 1152.51 1150.86 1150.37 1148.4 1156.7
8/8/2013 1145.09 1146.17 1146.3 1146.95 1144.18 1145.68 1154.32

10/21/2013 1143.89 1144.73 1144.86 1145.51 1143.83 1144.38 1152.69
1/29/2014 1145.83 1146.16 1146.69 1146.93 1145.04 1146.28 1154.99
4/30/2014 1143.02 1143.97 1144.35 1144.71 1142.45 1143.53 1155.35
7/23/2014 1145.35 1146.31 1147.16 1146.54 1144.89 1146.45 1154.91

10/16/2014 1145.83 1148.97 1151.46 1149.61 1148.8 1145.6 1156.49
1/20/2015 1145.75 1147.13 1147.51 1147.66 1145.92 1146.62 1155.21
4/28/2015 1147.25 1147.75 1151.24 1148.49 1148.19 1146.07 1155.9
7/22/2015 1151.29 1152.61 1153.59 1151.97 1151.4 1152.14 1156.14

10/20/2015 1143.53 1144.05 1151.31 1143.66 1142.97 1144.16 1152.49
3/15/2016 1148.29 1141.42 1148.02 1147.21 1145.5 1147.34 1155.39 1149.37 1145.67 1148.13 1147.66

Seasonal High 1151.29 1154.68 1156.89 1152.90 1154.14 1153.48 1151.74 1158.63 1149.37 1145.67 1148.13 1147.66

B-9 was renamed from well NE-8, groundwater elevation data previous to 3/15/2016 was taken from NE-8.
B-3 is not in use as a monitoring well.

TABLE 1 - Landfill Wells
AEP – Flint Creek
Class 3N Landfill

Groundwater Elevations (FMSL)



Well Number Latitude Longitude
Ground
Surface

Elevation

Top of Casing
Elevation

Borehole
Depth ft.bls Date Installed Screen

Material

Well
Diameter

inches

Top of Screen
Depth ft. bls

Top of Screen
Elevation ft.

msl

Bottom of
Screen Depth

ft. bls

Bottom of
Screen

Elevation ft.
msl

B-1B 36° 15' 38.508" 94° 30' 48.390" 1189.04 1191.64 72.2 3/1/1993 PVC 2 59.6 1129.44 69.6 1122.04
B-2 36º 15’ 34.367” 94º 30’ 57.987” 1176.60 1179.36 45 11/25/1991 PVC 2 35 1141.60 45 1134.36
B-4 36º 15’ 31.890” 94º 30’ 42.096” 1166.80 1169.09 34 11/26/1991 PVC 2 24 1142.80 34 1135.09
B-5 36º 15’ 26.182” 94º 30’ 49.814” 1183.40 1185.54 60 12/6/1991 PVC 2 50 1133.40 60 1125.54
B-6 36º 15’ 39.110” 94º 30’ 57.890” 1181.20 1184.19 59.75 11/13/1991 PVC 2 48.2 1133.00 59.75 1124.44

B-7A 36º 15’ 41.108” 94º 30’ 47.780” 1194.89 1191.89 100 5/17/2007 PVC 2 80 1114.89 100.5 1091.39
B-9 36° 15' 29.95958" 94° 31' 04.83356" 1179.10 1182.13 38.5 6/8/2011 PVC 2 22.85 1156.25 38.25 1143.88
B-10 36° 15' 31.4844" 94° 31' 04.4162" 1181.78 1184.98 51 11/12/2015 PVC 2 40.85 1140.93 51.15 1133.83
B-11 36º 15’ 26.5230” 94º 31’ 01.9179” 1171.59 1174.53 32.5 11/12/2015 PVC 2 22.02 1149.57 32.32 1142.21
B-12 36° 15' 39.4681" 94° 30' 42.8205" 1177.48 1180.26 49 2/10/2016 PVC 2 38.27 1139.21 48.67 1131.59
B-13 36º 15’ 26.0006” 94º 30’ 43.0819” 1159.54 1162.61 38 2/9/2016 PVC 2 27.16 1132.38 37.56 1125.05

TABLE 2
AEP - FLINT CREEK
CLASS 3N LANDFILL

MONITORING WELL/PIEZOMETER CONSTRUCTION DETAILS



APPENDIX 1
Boring & Monitoring Well Installation Logs



Boring Logs
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Monitoring Well Installation Logs















B-2

Hydraulic conductivity

from slug test.

K = 17.31x10-3 cm/sec.

B-1B

Hydraulic conductivity

from slug test.

K = 1.18x10-6 cm/sec.
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TOC 1191.64

LS 1141
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TOC 1179.36
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Hydraulic conductivity

from slug test.

K = 4.02x10-3 cm/sec.
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LS 1133

Lower 10 feet of

boring grouted, well

set.
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Hydraulic conductivity
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APPENDIX 2
Geologic Cross Sections
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I. Overview 
This Annual Groundwater Monitoring Report (Report) has been prepared to report the status of 
activities for the preceding year for an existing CCR unit at Southwestern Electric Power 
Company’s, a wholly-owned subsidiary of American Electric Power Company (AEP), Flint Creek 
Power Plant.  The USEPA’s CCR rules require that the Annual Groundwater Monitoring Report 
be posted to the operating record for the preceding year no later than January 31, 2020. 

At the beginning of 2019 the PBAP was in detection monitoring. At the end of 2019 the PBAP 
was still in detection monitoring.  

In general, the following activities were completed: 

• Groundwater samples were collected and analyzed for Appendix III constituents, as 
specified in 40 CFR 257.94 et seq. and AEP’s Groundwater Sampling and Analysis Plan 
(2016); 

• Groundwater data underwent various validation tests, including tests for completeness, 
valid values, transcription errors, and consistent units; 

• Two sampling events occurred in 2018 and were not reported in the 2018 annual report. 
The 1st half 2018 detection monitoring sampling event resulted in no SSIs. The 2nd half 
2018 detection monitoring sampling event resulted in no SSIs. 

• A SSI was determined for calcium in well AP-59 for the 1st half 2019 groundwater 
sampling and analysis event; 

• A successful alternate source demonstration was prepared for the 1st half 2019 groundwater 
event; 

• The 2nd half 2019 groundwater sampling event has not completed its statistical evaluation 
report.  

• Groundwater Monitoring Statistical Evaluation Reports to evaluate groundwater data were 
prepared and certified in accordance with 40 CFR 257.93. The statistical process was 
guided by USEPA’s Statistical Analysis of Groundwater Monitoring Data at RCRA 
Facilities, Unified Guidance (“Unified Guidance”, USEPA, 2009).   

 

The major components of this annual report, to the extent applicable at this time, are presented in 
sections that follow: 

• A map, aerial photograph or a drawing showing the CCR management unit(s), all 
groundwater monitoring wells and monitoring well identification numbers; 

• Identification of any monitoring wells that were installed or decommissioned during the 
preceding year, along with a statement as to why that happened; 
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• All of the monitoring data collected, including the rate and direction of groundwater flow, 
plus a summary showing the number of samples collected per monitoring well, the dates 
the samples were collected and whether the sample was collected as part of detection 
monitoring or assessment monitoring programs is included in Appendix I; 

• Other information required to be included in the annual report such as alternate source 
demonstration or assessment of corrective measures, if applicable. 

In addition, this report summarizes key actions completed, and where applicable, describes any 
problems encountered and actions taken to resolve those problems. The report includes a 
projection of key activities for the upcoming year. 
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II. Groundwater Monitoring Well Locations and Identification Numbers 
The figure that follows depicts the PE-certified groundwater monitoring network, the monitoring 
well locations and their corresponding identification numbers. 

 

PBAP Monitoring Wells 
Up Gradient Down Gradient 
AP-51 AP-58 
AP-53 AP-59 
AP-54 AP-60 
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III. Monitoring Wells Installed or Decommissioned 
There were no monitoring wells installed or decommissioned this year. 

 

IV. Groundwater Quality Data and Static Water Elevation Data, With Flow Rate and 
Direction and Discussion 

Appendix I contains tables showing the groundwater quality.  Static water elevation data from 
each monitoring event also are shown in Appendix I, along with the groundwater velocity, 
groundwater flow direction and potentiometric maps developed after each sampling event. 

 

V. Statistical Evaluation of 2018 and 2019 Events 
The 1st half 2018 statistical analysis report is included in Appendix II. No SSIs were determined to 
for this report. 

The 2nd half 2018 statistical analysis report is included in Appendix II. No SSIs were determined to 
for this report. 

The 1st half 2019 statistical analysis report is included in Appendix II. A SSI was determined to 
exist in this report, however a successful alternate source demonstration was prepared that 
addressed the SSI. 

The 2nd half 2019 statistical analysis report is under development and not available in this report. 

 

VI. Alternate Source Demonstration  
In the 1st half 2019 sampling event, a SSI in calcium was determined at well AP-59. An alternate 
source determination report was prepared. This report documented that natural variation in calcium 
concentrations caused the relatively high sample concentrations. That is, a cause other than the 
CCR unit caused the statistical result. See Appendix III. 

 

VII. Discussion About Transition Between Monitoring Requirements or Alternate 
Monitoring Frequency 

There were no groundwater program transitions this year. The detection monitoring program 
remains in effect. 

Regarding defining an alternate monitoring frequency, no modification of the twice-per-year 
detection monitoring effort is needed. 
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VIII. Other Information Required 
No other information applies at this time.  

 

IX. Description of Any Problems Encountered in 2019 and Actions Taken 
No problems were encountered this year. 

 

X. A Projection of Key Activities for the Upcoming Year 
Key activities for next year include: 

• Detection monitoring on a twice per year schedule; 

• Evaluation of the detection monitoring results from a statistical analysis viewpoint, looking 
for any SSIs above background; 

• Responding to any new data received in light of CCR rule requirements; 

• Preparation of the next annual groundwater report. 

 

 



APPENDIX I 

 

Tables follow, showing the groundwater monitoring data collected, the rate and direction of 
groundwater flow, and a summary showing the number of samples collected per monitoring well.  
The dates that the samples were collected also is shown. 
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AEP Flint Creek Plant - Primary Bottom Ash Pond
Gentry, Arkansas

Potentiometric Surface Map
Uppermost Aquifer - August 2019

³

Figure
XColumbus, Ohio 2019/12/30

Notes
- Monitoring well coordinates and water level data were collected August 27-28,
2019  provided by AEP.
- Site features are based on information available in the Groundwater Monitoring
Well Network Evaluation (Terracon, 2017) provided by AEP.
- Groundwater elevation units are feet above mean sea level.
- AP-55, AP-56, and AP-57 were not gauged in August 2019.
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Table 1: Residence Time Calculation Summary
Flint Creek Primary Bottom Ash Pond

Geosyntec Consultants, Inc. 

CCR
Management

Unit

Monitoring
Well

Well Diameter 
(inches)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

AP-51 [1] 2.0 96 0.6 62 1.0

AP-53 [1] 2.0 231 0.3 180 0.3

AP-54 [1] 2.0 701 0.1 429 0.1

AP-58 [2] 2.0 240 0.3 180 0.3

AP-59 [2] 2.0 83 0.7 430 0.1

AP-60 [2],[3] 2.0 151 0.4 167 0.4

Notes:
[1] - Background Well
[2] - Downgradient Well
[3] - AP-52 was replaced with AP-60 in December 2016

Primary Bottom 
Ash Pond

2018-03 2018-08



Table 1: Residence Time Calculation Summary
Flint Creek Primary Bottom Ash Pond

Geosyntec Consultants, Inc. 

CCR
Management

Unit

Monitoring
Well

Well Diameter 
(inches)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

AP-51 [1] 2.0 61 1.0 62 1.0
AP-53 [1] 2.0 184 0.3 177 0.3
AP-54 [1] 2.0 476 0.1 378 0.2
AP-58 [2] 2.0 128 0.5 137 0.4
AP-59 [2] 2.0 463 0.1 447 0.1

AP-60 [2],[3] 2.0 160 0.4 137 0.4

Notes:
[1] - Background Well
[2] - Downgradient Well
[3] - AP-52 was replaced with AP-60 in December 2016

2019-03

Primary Bottom 
Ash Pond

2019-08



Table 1 - Groundwater Data Summary: AP-51
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.01 4.86 4 <0.083 U 4.6 61 2
7/18/2016 Background 0.01 5.07 6 <0.083 U 5.3 80 4
9/13/2016 Background 0.01 5.84 6 <0.083 U 5.3 64 3
10/5/2016 Background 0.00767833 J 5.24 7 <0.083 U 5.0 80 4
11/8/2016 Background 0.01 5.23 7 <0.083 U 5.2 76 4
1/24/2017 Background 0.00849011 J 5.43 5 <0.083 U 5.1 80 <0.14 U
3/7/2017 Background 0.01 5.05 5 <0.083 U 5.0 40 0.5139 J

4/26/2017 Background 0.01475 4.21 6 0.28 J 5.2 96 6
5/16/2017 Background 0.01135 5.55 6 <0.083 U 5.1 60 3
6/16/2017 Background 0.0186 5.61 7 <0.083 U 5.1 68 3
8/29/2017 Detection 0.01706 5.13 6 <0.083 U 4.8 50 3
3/28/2018 Detection 0.01519 11.1 2 <0.083 U 7.8 96 9
8/28/2018 Detection 0.011 6.69 - - - - 7.7 74 - -

10/22/2018 Detection - - - - 9.71 <0.083 U - - - - 2.14
3/11/2019 Detection 0.01 J 6.20 7.84 0.04 J 7.6 70 <0.06 U
6/10/2019 Detection <0.04 U 13.1 7.79 0.05 J 7.2 106 2.6
8/28/2019 Detection <0.02 U 6.79 7 <0.083 U 6.0 56 1

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-51
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 80 0.257631 J 0.0935902 J 0.258389 J 0.434643 J 1.063 <0.083 U <0.68 U <0.00013 U 0.01938 J 0.92212 J 1.24502 J <0.86 U
7/18/2016 Background <0.93 U <1.05 U 86 0.308658 J <0.07 U 1 2.39535 J - - <0.083 U 0.839767 J 0.003 0.01329 J <0.29 U <0.99 U <0.86 U
9/13/2016 Background <0.93 U <1.05 U 128 0.373982 J <0.07 U 6 14 2.38 <0.083 U 3.72318 J 0.005 0.00978 J <0.29 U <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 98 0.329677 J <0.07 U 2 5 1.656 <0.083 U 1.49287 J 0.008 <0.005 U <0.29 U <0.99 U <0.86 U
11/8/2016 Background 1.28923 J <1.05 U 105 0.453846 J 0.226326 J 4 9 1.387 <0.083 U 2.07767 J 0.004 0.00949 J <0.29 U <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 103 0.366323 J <0.07 U 2 4.46068 J 1.916 <0.083 U <0.68 U 0.003 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background 7.00 <1.05 U 95 0.355243 J 0.128375 J 2 5 1.31 <0.083 U 0.88397 J 0.002 <0.005 U 0.586637 J <0.99 U <0.86 U

4/26/2017 Background <0.93 U <1.05 U 62.43 0.24 J <0.07 U 1.96 4.08 J 0.6089 0.28 J <0.68 U 0.00216 <0.005 U <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 101 0.42 J 0.1 J 1.86 6.92 2.935 <0.083 U <0.68 U 0.00315 <0.005 U <0.29 U <0.99 U <0.86 U
6/16/2017 Background <0.93 U 2.5 J 88.87 0.27 J <0.07 U 0.89 J 5.26 1.728 <0.083 U <0.68 U 0.0024 <0.005 U <0.29 U <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



Table 1 - Groundwater Data Summary: AP-53
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.11 4.15 10 <0.083 U 4.7 80 25
7/18/2016 Background 0.109 3.49 12 <0.083 U 4.5 104 30
9/13/2016 Background 0.155 5.54 13 <0.083 U 4.7 104 35
10/5/2016 Background 0.121 3.39 13 0.205 J 4.9 110 32
11/8/2016 Background 0.138 3.38 14 <0.083 U 5.0 118 31
1/24/2017 Background 0.158 3.87 14 <0.083 U 5.0 132 47
3/7/2017 Background 0.137 3.85 13 <0.083 U 5.0 112 47

4/26/2017 Background 0.124 3.89 15 <0.083 U 5.6 200 48
5/16/2017 Background 0.118 3.46 14 <0.083 U 4.5 90 42
6/16/2017 Background 0.122 3.39 14 <0.083 U 5.0 136 38
8/29/2017 Detection 0.114 2.82 11 <0.083 U 4.8 92 34
3/28/2018 Detection 0.115 3.51 12 <0.083 U 5.0 114 43
8/28/2018 Detection 0.124 3.37 - - - - 5.6 120 - -

10/22/2018 Detection - - - - 19.2 <0.083 U - - - - 45
3/11/2019 Detection 0.114 3.09 12.3 0.07 J 5.2 130 34.6
6/10/2019 Detection 0.110 3.37 13.4 0.06 5.2 98 32.8
8/28/2019 Detection 0.083 3.11 8 <0.083 U 5.4 96 21

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-53
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U 6 142 1 0.585577 J 37 12 3.55 <0.083 U 11 0.006 0.159 2.50374 J <0.99 U <0.86 U
7/18/2016 Background <0.93 U 2.79903 J 76 0.473295 J 0.0914021 J 7 4.26267 J - - <0.083 U 1.07393 J 0.004 0.046 0.344001 J 1.20159 J <0.86 U
9/13/2016 Background <0.93 U 24 258 3 1 94 27 5.93 <0.083 U 30 0.036 0.085 6 <0.99 U 0.981236 J
10/5/2016 Background <0.93 U <1.05 U 63 0.289207 J <0.07 U 2 3.26642 J 0.568 0.205 J <0.68 U 0.009 0.025 <0.29 U <0.99 U <0.86 U
11/8/2016 Background <0.93 U 8 122 0.980287 J 3 26 13 2.06 <0.083 U 8 0.01 0.118 1.0939 J <0.99 U <0.86 U
1/24/2017 Background 1.37199 J 3.86298 J 97 0.663471 J 0.0732158 J 16 9 2.16 <0.083 U 3.91103 J 0.006 0.183 0.821188 J <0.99 U <0.86 U
3/7/2017 Background 1.45983 J 7 110 0.851036 J 0.485904 J 21 15 1.915 <0.083 U 8 0.007 0.14 1.44927 J <0.99 U <0.86 U

4/26/2017 Background 1.23 J 4.82 J 102 0.61 J 0.22 J 15.41 7.89 1.552 <0.083 U 4.13 J 0.00623 <0.005 U 0.96 J 2.14 J <0.86 U
5/16/2017 Background 1.95 J 1.53 J 64.08 0.33 J <0.07 U 3.01 2.9 J 1.327 <0.083 U <0.68 U 0.00228 0.04 0.31 J <0.99 U <0.86 U
6/16/2017 Background 1.15 J 3.1 J 71.32 0.41 J <0.07 U 5.78 3 J 2.139 <0.083 U 0.87 J 0.00357 0.043 <0.29 U <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



Table 1 - Groundwater Data Summary: AP-54
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.249 10.4 14 <0.083 U 5.8 180 77
7/18/2016 Background 0.255 10 16 <0.083 U 5.8 178 78
9/13/2016 Background 0.266 10.6 16 <0.083 U 5.6 172 75
10/5/2016 Background 0.255 11.8 15 0.1943 J 5.5 164 67
11/8/2016 Background 0.26 11.3 15 <0.083 U 5.7 168 71
1/24/2017 Background 0.284 11.2 14 <0.083 U 5.5 164 71
3/7/2017 Background 0.259 11.3 14 <0.083 U 5.4 150 64

4/26/2017 Background 0.256 10.8 15 <0.083 U 6.1 154 66
5/16/2017 Background 0.256 9.58 16 <0.083 U 5.1 136 66
6/16/2017 Background 0.249 7.53 15 <0.083 U 5.3 192 62
8/29/2017 Detection 0.259 11.3 13 <0.083 U 5.5 156 63
3/28/2018 Detection 0.223 5.61 13 <0.083 U 5.3 130 64
8/28/2018 Detection 0.240 15.5 - - - - 5.9 168 - -

10/22/2018 Detection - - - - 18.3 <0.083 U - - - - 54.4
3/11/2019 Detection 0.219 14.5 16.0 0.09 J 6.4 160 47.2
6/10/2019 Detection 0.209 10.7 15.3 0.07 6.5 134 52.5
8/28/2019 Detection 0.213 12.2 12 <0.083 U 6.8 154 51

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-54
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 35 0.177109 J <0.07 U 0.485517 J 7 1 <0.083 U <0.68 U 0.000736668 J 0.02407 J <0.29 U <0.99 U 1.05347 J
7/18/2016 Background <0.93 U <1.05 U 58 0.294165 J <0.07 U 1 13 - - <0.083 U <0.68 U 0.001 0.031 <0.29 U <0.99 U <0.86 U
9/13/2016 Background <0.93 U <1.05 U 38 0.0361596 J <0.07 U 0.470668 J 7 3.37 <0.083 U <0.68 U 0.000599096 J 0.0122 J <0.29 U <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 35 0.175329 J <0.07 U 1 6 1.59 0.1943 J <0.68 U 0.006 0.02499 J <0.29 U 1.26436 J <0.86 U
11/8/2016 Background <0.93 U 1.8333 J 227 0.250807 J 0.164026 J 9 19 1.722 <0.083 U 1.30257 J 0.002 0.049 1.06052 J <0.99 U <0.86 U
1/24/2017 Background <0.93 U 4.57372 J 109 0.660002 J 0.132116 J 25 24 1.107 <0.083 U 7 0.006 0.082 3.34504 J <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 96 0.164735 J <0.07 U 4 12 2.125 <0.083 U <0.68 U 0.003 0.00568 J 0.545312 J <0.99 U <0.86 U

4/26/2017 Background <0.93 U <1.05 U 31.04 0.1 J <0.07 U 0.42 J 4.4 J 0.769 <0.083 U <0.68 U 0.00048 J 0.017 J <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 34.92 0.16 J <0.07 U 0.44 J 5.33 1.222 <0.083 U <0.68 U 0.00078 J 0.02 J <0.29 U <0.99 U <0.86 U
6/16/2017 Background 5.57 1.65 J 46.98 0.28 J <0.07 U 0.53 J 7.14 1.325 <0.083 U <0.68 U 0.00127 0.018 J <0.29 U <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



Table 1 - Groundwater Data Summary: AP-58
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 1.44 24.9 18 0.8759 J 7.1 602 213
7/18/2016 Background 1.68 27.4 21 0.8849 J 8.4 691 229
9/13/2016 Background 1.66 17.5 23 0.7518 J 8.3 644 238
10/5/2016 Background 1.56 18.9 27 0.8942 J 8.8 696 231
11/7/2016 Background 1.26 30.5 22 0.5598 J 7.8 562 186
1/24/2017 Background 1.09 34.4 16 <0.083 U 8.1 448 158
3/7/2017 Background 0.829 48.1 14 <0.083 U 7.0 420 123

4/26/2017 Background 0.613 59 14 0.53 J 7.1 374 111
5/16/2017 Background 0.473 69.3 13 0.4677 J 7.5 344 104
6/16/2017 Background 0.416 70.1 12 <0.083 U 6.0 398 101
8/29/2017 Detection 0.333 75.5 12 <0.083 U 7.8 344 96

12/21/2017 Detection 0.268 73.9 - - - - 7.4 304 80
3/26/2018 Detection 0.228 77.2 8 <0.083 U 7.4 262 70
8/28/2018 Detection 0.237 75.9 - - - - 6.9 300 - -

10/23/2018 Detection - - - - 12.5 <0.083 U - - - - 75.5
3/12/2019 Detection 0.178 74.8 8.13 0.33 8.4 290 49.9
6/11/2019 Detection 0.173 78.3 7.64 0.36 7.6 272 52.2
8/27/2019 Detection 0.149 76.1 6 0.222 J 7.5 292 53

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-58
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U 5 37 0.105636 J <0.07 U 0.810009 J 3.86496 J 0.548 0.8759 J <0.68 U <0.00013 U 0.032 62 <0.99 U <0.86 U
7/18/2016 Background <0.93 U 22 104 3 0.459763 J 8 7 - - 0.8849 J 12 0.018 0.042 66 2.81093 J <0.86 U
9/13/2016 Background 0.971405 J 25 39 0.162863 J <0.07 U 2 2.29869 J 1.007 0.7518 J 2.19582 J 0.007 0.02274 J 68 1.13435 J 1.02461 J
10/5/2016 Background 1.99545 J 18 41 0.382276 J <0.07 U 3 2.68738 J 0.787 0.8942 J 1.93685 J 0.017 <0.005 U 63 2.55318 J <0.86 U
11/7/2016 Background <0.93 U 14 41 0.108253 J <0.07 U 1 1.28551 J 1.65 0.5598 J <0.68 U 0.008 0.00775 J 44 <0.99 U <0.86 U
1/24/2017 Background <0.93 U 11 56 0.0635907 J <0.07 U 2 1.8255 J 1.896 <0.083 U <0.68 U 0.009 0.00625 J 39 <0.99 U <0.86 U
3/7/2017 Background <0.93 U 8 42 0.0245 J <0.07 U 1 1.05431 J 0.938 <0.083 U 0.928114 J 0.015 <0.005 U 26 <0.99 U <0.86 U

4/26/2017 Background <0.93 U 6.14 49.86 0.09 J <0.07 U 1.57 1.36 J 1.163 0.53 J <0.68 U 0.01194 0.006 J 16.9 <0.99 U <0.86 U
5/16/2017 Background <0.93 U 4.32 J 43.08 0.03 J <0.07 U 0.75 J 0.87 J 0.663 0.4677 J <0.68 U 0.01188 <0.005 U 14.05 <0.99 U <0.86 U
6/16/2017 Background 2.16 J 2.71 J 41.48 0.03 J <0.07 U 0.58 J 0.57 J 2.268 <0.083 U <0.68 U 0.01182 <0.005 U 12.23 <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



Table 1 - Groundwater Data Summary: AP-59
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.25 39.3 19 0.7409 J 7.4 240 37
7/18/2016 Background 0.339 38 14 0.6517 J 6.8 220 27
9/13/2016 Background 0.38 36.5 13 0.583 J 7.3 216 25
10/5/2016 Background 0.347 34.6 14 0.7085 J 7.1 220 26
11/7/2016 Background 0.323 35.6 15 0.5832 J 7.2 216 32
1/24/2017 Background 0.317 38.4 13 <0.083 U 7.0 240 40
3/7/2017 Background 0.253 42 13 <0.083 U 7.9 236 43

4/26/2017 Background 0.222 41.4 15 0.61 J 7.2 226 40
5/16/2017 Background 0.208 39.5 13 0.5762 J 7.1 186 38
6/16/2017 Background 0.227 36.2 12 <0.083 U 6.7 224 31
8/29/2017 Detection 0.295 35.4 12 0.6463 J 7.1 210 21

12/21/2017 Detection 0.279 46.8 - - - - 6.9 228 - -
3/26/2018 Detection 0.218 43.2 12 <0.083 U 7.0 180 40
8/28/2018 Detection 0.277 42.2 - - - - 7.1 180 - -

10/23/2018 Detection - - - - 19 0.548 J - - - - 26.7
3/11/2019 Detection 0.221 45.2 15.0 0.59 7.4 46 35.5
6/11/2019 Detection 0.233 46.7 14.7 0.65 7.3 88 38.4
7/9/2019 Detection - - 45.3 - - - - 7.0 - - - -

8/27/2019 Detection 0.246 42.6 11 0.413 J 8.9 228 26

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-59
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 67 <0.02 U <0.07 U 0.583478 J 2.01538 J 0.711 0.7409 J <0.68 U 0.000378518 J 0.029 7 <0.99 U 1.24044 J
7/18/2016 Background <0.93 U <1.05 U 72 0.0339425 J <0.07 U 3 2.54042 J - - 0.6517 J 1.02999 J 0.000590098 J 0.035 9 <0.99 U 1.07757 J
9/13/2016 Background <0.93 U <1.05 U 82 <0.02 U <0.07 U <0.23 U 2.3351 J 0.725 0.583 J <0.68 U 0.000162193 J <0.005 U 9 <0.99 U 1.01454 J
9/14/2016 Background - - - - - - - - - - - - - - 1.288 - - - - - - - - - - - - - -
10/5/2016 Background <0.93 U <1.05 U 89 <0.02 U <0.07 U 0.300781 J 2.72689 J 0.725 0.7085 J <0.68 U 0.011 <0.005 U 8 <0.99 U 1.63378 J
11/7/2016 Background <0.93 U <1.05 U 93 <0.02 U <0.07 U <0.23 U 3.0738 J 1.109 0.5832 J <0.68 U 0.00039204 J <0.005 U 8 <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 107 <0.02 U <0.07 U <0.23 U 3.38517 J 0.3279 <0.083 U <0.68 U 0.000152708 J <0.005 U 8 <0.99 U 1.21456 J
3/7/2017 Background <0.93 U <1.05 U 96 <0.02 U <0.07 U 0.244944 J 3.32152 J 0.713 <0.083 U <0.68 U 0.006 <0.005 U 7 <0.99 U <0.86 U

4/26/2017 Background <0.93 U 1.58 J 104 <0.02 U <0.07 U <0.23 U 3.36 J 1.319 0.61 J <0.68 U 0.00026 J <0.005 U 5.33 <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 93.9 <0.02 U <0.07 U <0.23 U 3 J 0.618 0.5762 J <0.68 U 0.00033 J 0.006 J 5.66 <0.99 U 1.09 J
6/16/2017 Background <0.93 U 1.96 J 86.79 <0.02 U <0.07 U <0.23 U 2.83 J 2.251 <0.083 U <0.68 U 0.00021 J <0.005 U 6.4 <0.99 U <0.86 U
3/26/2018 Detection 1.79 J 3.19 J 105 <0.02 U <0.07 U 0.63 J 3.84 J 1.044 <0.083 U 0.98 J 0.00036 J <0.005 U 4.68 J <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



Table 1 - Groundwater Data Summary: AP-60
Flint Creek - PBAP

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
12/19/2016 Background 1.4 16.7 14 0.0946 J 8.9 369 165
1/24/2017 Background 1.12 33.2 13 <0.083 U 7.8 356 152
3/7/2017 Background 1.26 25.9 12 <0.083 U 8.1 340 145

3/29/2017 Background 1.14 43 13 <0.083 U 8.4 368 140
4/26/2017 Background 1.3 25 15 0.58 J 7.6 340 160
5/16/2017 Background 1.41 16.3 14 0.558 J 8.6 302 167
6/16/2017 Background 1.2 29.2 15 <0.083 U 7.8 368 152
6/28/2017 Background 1.35 17.7 16 0.5516 J 7.5 368 166
8/29/2017 Detection 1.13 32.3 13 0.4518 J 7.7 356 146

12/21/2017 Detection 0.857 46.2 - - - - 7.2 332 128
3/26/2018 Detection 0.645 45.5 9 <0.083 U 8.6 284 113
8/28/2018 Detection 1.27 31.1 - - - - 7.8 276 - -

10/23/2018 Detection - - - - 15.7 <0.083 U - - - - 135
3/11/2019 Detection 0.728 21.2 11.0 0.31 10.9 310 114
6/11/2019 Detection 0.559 3.44 9.79 0.29 10.0 304 108
7/9/2019 Detection - - - - - - - - 7.7 - - - -

8/27/2019 Detection 0.756 10.7 8 0.2 J 10.9 330 99

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program



Table 1 - Groundwater Data Summary: AP-60
Flint Creek - PBAP

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
12/19/2016 Background <0.93 U 9 17 0.0543046 J <0.07 U 2 1.92133 J 1.176 0.0946 J 0.742652 J 0.001 <0.005 U 60 <0.99 U <0.86 U
1/24/2017 Background 1.34724 J 3.61807 J 34 <0.02 U <0.07 U 0.502321 J 0.87237 J 0.771 <0.083 U <0.68 U 0.000637932 J <0.005 U 55 <0.99 U <0.86 U
3/7/2017 Background <0.93 U 9 15 <0.02 U <0.07 U 0.297514 J 0.458637 J 1.121 <0.083 U <0.68 U 0.003 <0.005 U 57 <0.99 U <0.86 U

3/29/2017 Background <0.93 U 7 41 0.023217 J <0.07 U 3 2.22346 J 1.158 <0.083 U 1.84769 J 0.002 0.00961 J 53 <0.99 U <0.86 U
4/26/2017 Background <0.93 U 11.42 24.03 0.12 J <0.07 U 3.75 3.01 J 0.429 0.58 J 2.91 J 0.00236 0.01 J 56.38 <0.99 U 0.98 J
5/16/2017 Background 1 J 11.39 13.05 0.03 J <0.07 U 0.91 J 0.66 J 2.082 0.558 J <0.68 U 0.00048 J 0.009 J 62.09 <0.99 U <0.86 U
6/16/2017 Background <0.93 U 7.69 27.23 <0.02 U <0.07 U <0.23 U 0.42 J 3.697 <0.083 U <0.68 U 0.00063 J <0.005 U 54.18 <0.99 U <0.86 U
6/28/2017 Background <0.93 U 9.32 12.61 <0.02 U <0.07 U 0.37 J 0.37 J 7.167 0.5516 J <0.68 U 0.00031 J 0.006 J 63.76 <0.99 U <0.86 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter

Collection Date
Monitoring 

Program



APPENDIX II 

 

Where applicable, show in this appendix the results from statistical analyses, and a description of 
the statistical analysis method chosen.  These statistical analyses are to be conducted separately 
for each constituent in each monitoring well.   

 

 















941 Chatham Lane, Suite 103 
Columbus, Ohio 43212 

PH 614.468.0415 
FAX 614.468.0416 

www.geosyntec.com 

Memorandum 

Date: February 8, 2019 

To: David Miller (AEP) 

Copies to: Terence Wehling (AEP) 

From: Allison Kreinberg and Bruce Sass, Ph.D. (Geosyntec) 

Subject: Evaluation of Detection Monitoring Data at 
Flint Creek Plant’s Primary Bottom Ash Pond (PBAP) 

In accordance with the United States Environmental Protection Agency’s (USEPA’s) regulations 
regarding the disposal of coal combustion residuals (CCR) in landfills and surface 
impoundments (40 CFR 257 Subpart D, “CCR rule”), a detection monitoring event was 
completed on August 28, 2018 at the Primary Bottom Ash Pond (PBAP), an existing CCR unit 
at the Flint Creek Power Plant located in Gentry, Arkansas. Because the sample analyses for 
chloride, fluoride, and sulfate were completed out of past holding time, resampling was 
completed on October 22, 2018.  

Ten background monitoring events were conducted at the Flint Creek PBAP prior to these 
detection monitoring events, and upper prediction limits (UPLs) were calculated for 
each Appendix III parameter to represent background values.  Lower prediction limits (LPLs) 
were also calculated for pH.  Details on the calculation of these background values are 
described in Geosyntec’s Statistical Analysis Summary report, dated January 15, 2018.  An 
alternative source demonstration (ASD) was certified on April 3, 2018 which resulted in a 
revision to the calculated prediction limits for all Appendix III parameters.  

To achieve an acceptably high statistical power while maintaining a site-wide false-positive rate 
(SWFPR) of 10% per year or less, prediction limits were calculated based on a one-of-two 
retesting procedure.  With this procedure, a statistically significant increase (SSI) is only 
concluded if both samples in a series of two exceeds the UPL.  Because the initial result did not 
exceed the UPL, a second sample was not required. 

Detection monitoring results and the relevant background values are summarized in Table 1.  No 
SSIs were observed at the Flint Creek PBAP CCR unit, and as a result the Flint Creek PBAP 
will remain in detection monitoring. 

CHA8473 20190208 Memo Flint Creek PBAP 
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The statistical analysis was conducted within 90 days of completion of sampling and analysis in 
accordance with 40 CFR 257.93(h)(2). A certification of these statistics by a qualified professional 
engineer is provided in Attachment A.



Table 1: Detection Monitoring Data Evaluation
Flint Creek Plant - Primary Bottom Ash Pond

Geosyntec Consultants, Inc.

AP-58 AP-59 AP-60
10/22/2018 10/22/2018 10/22/2018

Intrawell Background Value (UPL) 2.20 0.424 1.55
Detection Monitoring Result 0.237 0.277 1.27

Intrawell Background Value (UPL) 85.1 43.6 48.7
Detection Monitoring Result 76 42 31.1

Intrawell Background Value (UPL) 29 19 17
Detection Monitoring Result 13 19 16

Intrawell Background Value (UPL) 1.09 0.774 0.950
Detection Monitoring Result <0.083 0.548 <0.083

Intrawell Background Value (UPL) 9.42 7.91 9.26
Intrawell Background Value (LPL) 5.78 6.41 6.90

Detection Monitoring Result 6.90 7.07 7.76
Intrawell Background Value (UPL) 296 49 181

Detection Monitoring Result 76 27 135
Intrawell Background Value (UPL) 822 258 409

Detection Monitoring Result 300 180 276
Notes:
UPL: Upper prediction limit
LPL: Lower prediction limit
Bold values exceed the background value.
Background values are shaded gray.

Units DescriptionParameter

Chloride, Fluoride, and Sulfate parameters analyzed on October 22, 2018, all other Appendix III 
parameters analyzed on August 28, 2018
Based on a 1-of-2 resampling, a statistically significant increase (SSI) is only identified when 
both samples in the detection monitoring period are above the calculated background value.

mg/L

mg/L
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Fluoride

pH

Sulfate

Boron



ATTACHMENT A 

Certification by Qualified Professional Engineer 





941 Chatham Lane, Suite 103 
Columbus, Ohio 43212 

PH 614.468.0415 
FAX 614.468.0416 

www.geosyntec.com 

20190813 Memo Flint Creek PBAP_1st2019 

Memorandum 

Date: August 13, 2019 

To: David Miller (AEP) 

Copies to: Terence Wehling (AEP) 

From: Allison Kreinberg and Bruce Sass, Ph.D. (Geosyntec) 

Subject: Evaluation of Detection Monitoring Data at 
Flint Creek Plant’s Primary Bottom Ash Pond (PBAP) 

In accordance with the United States Environmental Protection Agency’s (USEPA’s) regulations 
regarding the disposal of coal combustion residuals (CCR) in landfills and surface impoundments 
(40 CFR 257 Subpart D, “CCR rule”), detection monitoring sampling events were completed on 
March 11-12, 2019 and July 9, 2019 at the Primary Bottom Ash Pond (PBAP), an existing CCR 
unit at the Flint Creek Power Plant located in Gentry, Arkansas.  

Upper prediction limits (UPLs) were calculated for each Appendix III parameter to represent 
background values based on the ten background monitoring events conducted prior to October 17, 
2017.  Lower prediction limits (LPLs) were also calculated for pH.  Details on the calculation of 
these background values are described in Geosyntec’s Statistical Analysis Summary report, dated 
January 15, 2018.  An alternative source demonstration (ASD) was certified on April 3, 2018 
which resulted in a revision to the calculated prediction limits for all Appendix III parameters.  

To achieve an acceptably high statistical power while maintaining a site-wide false-positive rate 
(SWFPR) of 10% per year or less, prediction limits were calculated based on a one-of-two retesting 
procedure.  With this procedure, a statistically significant increase (SSI) is only concluded if both 
samples in a series of two exceeds the UPL.  For samples where the initial result did not exceed 
the UPL, a second sample was not required. 

Detection monitoring results and the relevant background values are summarized in Table 1. 
Calcium concentrations exceeded the intrawell UPL of 43.6 mg/L in both the initial (45.2 mg/L) 
and second (45.3 mg/L) samples collected at AP-59.  Therefore, an SSI over background is 
concluded for calcium at AP-59.   
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In response to the exceedances noted above, the Flint Creek PBAP CCR unit will either transition 
to assessment monitoring or an alternate source demonstration for calcium will be conducted. 

The statistical analysis was conducted within 90 days of completion of sampling and analysis in 
accordance with 40 CFR 257.93(h)(2). A certification of these statistics by a qualified professional 
engineer is provided in Attachment A.



Table 1: Detection Monitoring Data Evaluation
Flint Creek - Primary Bottom Ash Pond

Geosyntec Consultants, Inc.

AP-58
3/12/2019 3/11/2019 7/9/2019 3/11/2019 7/9/2019

Intrawell Background Value (UPL) 2.20
Detection Monitoring Data 0.178 0.221 -- 0.728 --

Intrawell Background Value (UPL) 85.1
Detection Monitoring Data 74.8 45.2 45.3 21.2 --

Intrawell Background Value (UPL) 29.3
Detection Monitoring Data 8.13 15.0 -- 11.0 --

Intrawell Background Value (UPL) 1.09
Detection Monitoring Data 0.33 0.59 -- 0.31 --

Intrawell Background Value (UPL) 9.4
Intrawell Background Value (LPL) 5.8

Detection Monitoring Data 8.4 7.4 -- 10.9 7.0
Intrawell Background Value (UPL) 296

Detection Monitoring Data 49.9 35.5 -- 114 --
Intrawell Background Value (UPL) 822

Detection Monitoring Data 264 232 -- 300 --

Notes
UPL: Upper prediction limit
LPL: Lower prediction limit
TDS: Total dissolved solids
Bold values exceed the background value.
Background values are shaded gray.
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APPENDIX III 

 

Alternate source demonstrations are included in this appendix. Alternate sources are sources or 
reasons that explain that statistically significant increases over background or statistically 
significant levels above the groundwater protection standard are not attributable to the CCR unit. 
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SECTION 1 

INTRODUCTION AND SUMMARY 

Ten background monitoring events were conducted at the Flint Creek Primary Bottom Ash Pond 
(PBAP). Upper prediction limits (UPLs) were calculated for each Appendix III parameter to 
represent background values. A lower prediction limit (LPL) was also calculated for pH. Prediction 
limits were calculated based on a one-of-two retesting procedure. With this procedure, a 
statistically significant increase (SSI) is concluded only if both samples in a series of two exceeds 
the UPL, or in the case of pH is above the LPL. In practice, if the initial result did not result in an 
exceedance, a second sample was not collected or analyzed.  

The first semi-annual detection monitoring event of 2019 was performed in March 2019 (initial 
sampling event) and July 2019 (verification sampling event), and the results were compared to the 
calculated prediction limits. An SSI was identified for calcium at well AP-59 by intrawell analysis. 
A summary of the detection monitoring analytical results and the calculated prediction limits to 
which they were compared is provided in Table 1.  

1.1 CCR Rule Requirements 

United States Environmental Protection Agency (USEPA) regulations (USEPA, 2015) regarding 
detection monitoring programs for coal combustion residuals (CCR) landfills and surface 
impoundments provide owners and operators with the option to make an alternative source 
demonstration (ASD) when an SSI is identified (40 CFR 257.94(e)(2)): 
 

The	owner	or	operator	may	demonstrate	that	a	source	other	than	the	CCR	unit	
caused	 the	 statistically	 significant	 increase	 over	 background	 levels	 for	 a	
constituent	or	 that	 the	statistically	significant	 increase	resulted	 from	error	 in	
sampling,	analysis,	statistical	evaluation,	or	natural	variation	 in	groundwater	
quality.	The	owner	or	operator	must	complete	the	written	demonstration	within	
90	days	of	detecting	a	statistically	significant	increase	over	background	levels	to	
include	 obtaining	 a	 certification	 from	 a	 qualified	 professional	 engineer…	
verifying	the	accuracy	of	the	information	in	the	report. 

 
Calcium concentrations at AP-59 of 45.2 milligrams per liter (mg/L) and 45.3 mg/L were reported 
for the sampling and re-sampling events on March 11, 2019 and July 9, 2019, respectively. Both 
concentrations exceeded the UPL of 43.6 mg/L. Pursuant to 40 CFR 257.94(e)(2) of the CCR Rule 
(40 CFR 257), Geosyntec Consultants, Inc. (Geosyntec) has prepared this Alternative Source 
Demonstration (ASD) report, which documents that the SSI for calcium at AP-59 should not be 
attributed to the Flint Creek PBAP.  

 



 Alternative Source Demonstration 
November 8, 2019 

20191108 Flint Creek PBAP ASD 1-2 
 

1.2 Demonstration of Alternative Sources 

An evaluation was completed to assess possible alternative sources to which the identified SSI 
could be attributed. Alternative sources were identified amongst five types, based on methodology 
provided by EPRI (2017): 

 ASD Type I: Sampling Causes; 

 ASD Type II: Laboratory Causes; 

 ASD Type III: Statistical Evaluation Causes; 

 ASD Type IV: Natural Variation; and 

 ASD Type V: Alternative Sources. 

A demonstration was conducted to show that the increase in calcium concentration was based on 
a Type IV cause and not by a release from the Flint Creek PBAP. 
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SECTION 2 

ALTERNATIVE SOURCE DEMONSTRATION 

The method used to assess possible alternative sources of the SSI for calcium at AP-59 and the 
proposed alternative source are described below. In addition, the future sampling requirements for 
the Flint Creek PBAP are presented.  

2.1 Proposed Alternative Source 

An initial review of field forms, site geochemistry, and laboratory quality assurance/quality control 
(QA/QC) data did not identify alternative sources due to Type I or Type II issues. A review of the 
statistical analyses of the groundwater data for calcium did not identify any Type III issues. 
However, a review of the geochemistry at the site identified the calcium exceedance at AP-59 as 
due to natural variation, which is a Type IV issue.  

Based on the boring logs and well logs in the groundwater monitoring network report for the 
PBAP, the site is underlain by weathered residuum of the Boone Formation, which overlies the 
cherty limestone of the Boone Formation (Terracon, 2017). The report describes the Boone 
Formation as a gray, crinoidal limestone that is nearly pure calcium carbonate (CaCO3). Well AP-
59 is screened from 20 to 30 feet below ground surface (ft bgs), where the boring log noted a 
heavily weathered limestone (Attachment A).  

Groundwater saturation with respect to limestone mineral calcite (CaCO3) was evaluated using the 
geochemical modeling code PHREEQC. Saturation indices (SI) were calculated for datasets where 
concentrations for all major cations, anions and pH were available. Model results show that AP-59 
groundwater has fluctuated between undersaturated conditions (denoted by SI values below -0.2) 
and saturated conditions (between -0.2 and 0.2) since monitoring began (Figure 1). Results indicate 
that AP-59 groundwater was saturated with respect to calcite in March 2017 (SI=0.15) and March 
2019 (SI=-0.19) and below saturation at all other sampling events.  

Figure 2 shows SI results compared to water level measurements for the same time interval. It 
appears that higher water levels drive the system toward calcite equilibrium, while falling water 
levels lead to undersaturation. Mechanistically, as water levels rise, calcite dissolves in order for 
the system to reach equilibrium from a state of undersaturation, which contributes calcium to the 
aqueous phase (Garrels and Christ, 1965).  This may be brought about by changing contact with 
more weathered (passivated) limestone at lower elevations and fresher (more reactivated) 
limestone surfaces at higher elevations.  Changes in water levels, and thus calcite saturation, at 
AP-59 appear to be driven by recharge from precipitation, as shown by the corresponding peaks 
in groundwater elevation following major rain events in April 2017 and May 2019 (Figure 3).  

While natural variation due to changes in water level elevation is identified as the cause of 
fluctuating calcium concentrations at AP-59, the lack of exceedances for other parameters is 
further evidence that there has not been a release from the PBAB. If a release had occurred, 
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groundwater at well AP-59 likely would have experienced a rise in highly mobile constituents such 
as boron and chloride. However, a review of boron and chloride data show that they have remained 
stable over time (Figure 4). Likewise, while the calcium concentrations increased in the March 
and July 2019 events, they do not appear to be part of a longer trend of consistently increasing 
concentrations (Figure 5). A subsequent sample was collected at AP-59 in August 2019 to serve 
as the initial sample for the second semiannual detection monitoring event of 2019 at the Flint 
Creek PBAP. The reported calcium concentration for this sample is 42.6 mg/L, which is below the 
UPL and provides further evidence that there is not an increasing trend for calcium at AP-59.  

Based on the presence of calcite in the aquifer, the lack of other exceedances, and the absence of 
a positive trend in calcium at AP-59, the observed calcium concentrations during the first semi-
annual event are not considered indicative of a release from the Flint Creek PBAP.  

2.2 Sampling Requirements 

The ASD described above supports the position that the identified SSI is not due to a release from 
the Flint Creek PBAP. Therefore, the unit will remain in the detection monitoring. Groundwater 
at the unit will be sampled for Appendix III parameters on a semi-annual basis. 
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SECTION 3 

CONCLUSIONS AND RECOMMENDATIONS 

The preceding information serves as the ASD prepared in accordance with 40 CFR 257.94(e)(2) 
and supports the position that the SSIs in Appendix III detection monitoring constituents are not 
due to a release from the Flint Creek PBAP during the March and July 2019 sampling events. The 
identified SSI for calcium at well AP-59 was attributed to natural variation. Therefore, no further 
action is warranted, and the Flint Creek PBAP will remain in the detection monitoring program. 
Certification of this ASD by a qualified professional engineer is provided in Attachment B. 
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Table 1: Detection Monitoring Data Evaluation
Flint Creek - Primary Bottom Ash Pond

Geosyntec Consultants, Inc.

AP-58
3/12/2019 3/11/2019 7/9/2019 3/11/2019 7/9/2019

Intrawell Background Value (UPL) 2.20
Detection Monitoring Data 0.178 0.221 -- 0.728 --

Intrawell Background Value (UPL) 85.1
Detection Monitoring Data 74.8 45.2 45.3 21.2 --

Intrawell Background Value (UPL) 29.3
Detection Monitoring Data 8.13 15.0 -- 11.0 --

Intrawell Background Value (UPL) 1.09
Detection Monitoring Data 0.33 0.59 -- 0.31 --

Intrawell Background Value (UPL) 9.4
Intrawell Background Value (LPL) 5.8

Detection Monitoring Data 8.4 7.4 -- 10.9 7.0
Intrawell Background Value (UPL) 296

Detection Monitoring Data 49.9 35.5 -- 114 --
Intrawell Background Value (UPL) 822

Detection Monitoring Data 264 232 -- 300 --

Notes
UPL: Upper prediction limit
LPL: Lower prediction limit
TDS: Total dissolved solids
Bold values exceed the background value.
Background values are shaded gray.
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Saturation Indices and Water Levels at AP-59 
Flint Creek PBAP 

Columbus, Ohio 24-Oct-2019
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Columbus, Ohio 31-Oct-2019
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Boron and Chloride Time Series at AP-59
Flint Creek PBAP

Columbus, Ohio 24-Oct-2019
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I. Overview 
This Annual Groundwater Monitoring Report (Report) has been prepared to report the status of 
activities for the preceding year for an existing CCR unit at Southwestern Electric Power 
Company’s, a wholly-owned subsidiary of American Electric Power Company (AEP), Flint Creek 
Power Plant.  The USEPA’s CCR rules require that the Annual Groundwater Monitoring Report 
be posted to the operating record for the preceding year no later than January 31, 2020.    

At the beginning of 2019 the landfill was in assessment monitoring. The landfill remained in 
assessment monitoring through the end of the year. No exceedances of a groundwater protection 
standard (GWPS) occurred during 2019. 

 

In general, the following activities were completed: 

• Groundwater samples were collected and analyzed for Appendix III and Appendix IV 
constituents, as specified in 40 CFR 257.94 or 95 et seq. and AEP’s Groundwater Sampling 
and Analysis Plan (2016); 

• Groundwater data underwent various validation tests, including tests for completeness, 
valid values, transcription errors, and consistent units; 

• The assessment monitoring events determined that no statistically significant levels (SSLs) 
above the groundwater protection standards existed. 

• Groundwater Monitoring Statistical Evaluation Reports to evaluate groundwater data were 
prepared and certified in accordance with 40 CFR 257.93. The statistical process was 
guided by USEPA’s Statistical Analysis of Groundwater Monitoring Data at RCRA 
Facilities, Unified Guidance (“Unified Guidance”, USEPA, 2009).   

The major components of this annual report, to the extent applicable at this time, are presented in 
sections that follow: 

• A map, aerial photograph or a drawing showing the CCR management unit(s), all 
groundwater monitoring wells and monitoring well identification numbers; 

• Identification of any monitoring wells that were installed or decommissioned during the 
preceding year, along with a statement as to why that happened; 

• All of the monitoring data collected, including the rate and direction of groundwater flow, 
plus a summary showing the number of samples collected per monitoring well, the dates 
the samples were collected and whether the sample was collected as part of detection 
monitoring or assessment monitoring programs is included in Appendix I; 

• A summary of any transition between monitoring programs or an alternate monitoring 
frequency, for example the date and circumstances for transitioning from detection 
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monitoring to assessment monitoring, in addition to identifying the constituents detected 
at a statistically significant increase over background concentrations. 

• Other information required to be included in the annual report such as alternate source 
demonstration or assessment of corrective measures, if applicable. 

In addition, this report summarizes key actions completed, and where applicable, describes any 
problems encountered and actions taken to resolve those problems. The report includes a 
projection of key activities for the upcoming year. 
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II. Groundwater Monitoring Well Locations and Identification Numbers 
The figure that follows depicts the PE-certified groundwater monitoring network, the monitoring 
well locations and their corresponding identification numbers. 

 

Landfill Monitoring Wells 
Up Gradient Down Gradient 
B-1B B-2 
B-4 

 

B-6 
B-5 B-9 
B-7A B-10 
B-12 B-11 
B-13  
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III. Monitoring Wells Installed or Decommissioned 
There were no monitoring wells installed or decommissioned this year. 

 

IV. Groundwater Quality Data and Static Water Elevation Data, With Flow Rate and 
Direction and Discussion 

Appendix I contains tables showing the groundwater quality.  Static water elevation data from 
each monitoring event also are shown in Appendix I, along with the groundwater velocity, 
groundwater flow direction and potentiometric maps developed after each sampling event. 

 

V. Statistical Evaluation of 2019 Events 
There were two groundwater monitoring events in 2019. Their statistical reports are included in 
Appendix II. 

The first half 2019 sampling event occurred in March, 2019. There were no statistically significant 
levels (SSLs) above the groundwater protection standards identified. 

The June 2019 sampling event was in furtherance of 257.95(b) which determines which 
constituents in Appendix IV (to 40 CFR 257) were detected. The results are in Appendix I. 

The second half 2019 sampling event occurred in August, 2019. There were no SSLs above the 
groundwater protection standards identified. 

 

VI. Alternate Source Demonstration  
There were no alternate source demonstrations during 2019. 

 

VII. Discussion About Transition Between Monitoring Requirements or Alternate 
Monitoring Frequency 

There were no transitions between groundwater programs in 2019. The groundwater program 
started in assessment monitoring and ended in assessment monitoring. 

 

VIII. Other Information Required 
No other information applies at this time.  
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IX. Description of Any Problems Encountered in 2019 and Actions Taken 
No problems were encountered this year. 

 

X. A Projection of Key Activities for the Upcoming Year 
Key activities for next year include: 

• Assessment monitoring sampling will be conducted; 

• Evaluation of the assessment monitoring results from a statistical analysis viewpoint, 
looking for any SSLs above GWPS; 

• Responding to any new data received in light of CCR rule requirements; 

• Preparation of the next annual groundwater report. 

 

 



APPENDIX I 

 

Tables follow, showing the groundwater monitoring data collected, the rate and direction of 
groundwater flow, and a summary showing the number of samples collected per monitoring well.  
The dates that the samples were collected also is shown. 
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Table 1: Residence Time Calculation Summary 
Flint Creek Landfill

Geosyntec Consultants, Inc. 

CCR
Management

Unit

Monitoring
Well

Well Diameter 
(inches)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

Groundwater 
Velocity 
(ft/year)

Groundwater 
Residence 

Time 
(days)

B-1B [3] 2.0 106 0.6 188 0.3 206 0.3
B-2 [2] 2.0 69 0.9 62 1.0 70 0.9
B-4 [1] 2.0 44 1.4 117 0.5 93 0.7
B-5 [3] 2.0 32 1.9 98 0.6 82 0.7
B-6 [2] 2.0 73 0.8 40 1.5 16 3.7

B-7A [3] 2.0 79 0.8 309 0.2 72 0.8
B-9 [2] 2.0 NC NC NC NC 96 0.6
B-10 [2] 2.0 53 1.1 110 0.6 34 1.8
B-11 [2] 2.0 138 0.4 44 1.4 95 0.6
B-12 [1] 2.0 96 0.6 306 0.2 233 0.3
B-13 [1] 2.0 20 3.1 96 0.6 43 1.4

Notes:
[1] - Background Well
[2] - Downgradient Well
[3] - Crossgradient Well
NC - Not Calculated

2019-03 2019-06 2019-08

Landfill



Table 1 - Groundwater Data Summary: B-1B
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.02 90.8 3 0.5955 J 8.1 296 22
7/19/2016 Background 0.02 92.4 4 0.4424 J 7.1 281 25
9/14/2016 Background 0.02 96.3 3 0.4087 J 7.0 296 24
10/5/2016 Background 0.02 89.3 5 0.4557 J 7.5 294 25
11/8/2016 Background 0.02 86.5 4 <0.083 U 7.2 270 24
1/24/2017 Background 0.02 85.9 2 <0.083 U 7.7 276 22
3/7/2017 Background 0.02 88.7 2 <0.083 U 7.4 272 23

4/26/2017 Background 0.02041 88.1 4 0.53 J 6.5 268 23
5/16/2017 Background 0.01982 85.5 3 0.4551 J 6.8 240 20
6/16/2017 Background 0.02962 85.1 4 <0.083 U 6.3 276 21
8/29/2017 Detection 0.0579 83.3 3 0.416 J 7.9 264 20
3/26/2018 Assessment 0.01493 89.6 2 0.098 J 7.5 268 22
8/28/2018 Assessment 0.026 87.6 - - - - 7.3 288 - -

10/23/2018 Assessment - - - - 5.53 0.489 J - - - - 14.8
3/12/2019 Assessment 0.02 J 93.1 2.31 0.41 7.6 228 17.5
6/10/2019 Assessment 0.05 J 92.4 2.31 0.49 6.6 266 20.7
8/27/2019 Assessment <0.02 U 86.5 2 0.275 J 7.4 312 20

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program

1 of 1



Table 1 - Groundwater Data Summary: B-1B
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 112 0.0480724 J <0.07 U 0.801049 J 0.441945 J 3.583 0.5955 J <0.68 U 0.028 0.02301 J 2.01197 J <0.99 U <0.86 U
7/19/2016 Background <0.93 U <1.05 U 118 0.0361035 J <0.07 U 0.611765 J 0.527203 J - - 0.4424 J 1.03545 J 0.028 0.01793 J 0.869973 J <0.99 U <0.86 U
9/14/2016 Background <0.93 U <1.05 U 125 <0.02 U <0.07 U 1 0.454131 J 8.375 0.4087 J 0.999779 J 0.028 <0.005 U 0.612698 J <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 122 0.0372394 J <0.07 U 0.984649 J 0.750457 J 8.79 0.4557 J 1.03454 J 0.041 <0.005 U <0.29 U <0.99 U <0.86 U
11/8/2016 Background <0.93 U <1.05 U 131 0.033331 J 0.0774505 J 2 0.917319 J 4.63 <0.083 U 1.03555 J 0.027 0.00589 J 0.297867 J <0.99 U <0.86 U
1/24/2017 Background <0.93 U 1.26762 J 97 0.0223085 J <0.07 U 1 0.385362 J 3.178 <0.083 U <0.68 U 0.026 0.00757 J 0.6452 J <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 123 <0.02 U <0.07 U <0.23 U 0.325089 J 3.604 <0.083 U <0.68 U 0.034 <0.005 U 0.561767 J <0.99 U <0.86 U
4/26/2017 Background 1.27 J <1.05 U 112 0.04 J <0.07 U 0.85 J 0.49 J 3.841 0.53 J <0.68 U 0.02658 <0.005 U <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 118 0.03 J <0.07 U 0.3 J 0.49 J 1.448 0.4551 J <0.68 U 0.02701 0.009 J <0.29 U <0.99 U <0.86 U
6/16/2017 Background <0.93 U 1.43 J 123 <0.02 U <0.07 U 0.33 J 0.47 J 5.15 <0.083 U <0.68 U 0.02717 <0.005 U <0.29 U <0.99 U <0.86 U
3/26/2018 Assessment <0.93 U <1.05 U 108 <0.02 U <0.07 U 1.22 0.21 J 4.485 0.098 J 0.8 J 0.0266 <0.005 U <0.29 U <0.99 U <0.86 U
8/28/2018 Assessment 0.08 0.33 112 0.02 J 0.07 0.263 0.102 6.51 0.489 J* 0.247 0.0278 <0.005 U 1.17 0.04 J 0.01 J
3/12/2019 Assessment <0.1 U 0.4 J 112 <0.1 U <0.05 U <0.2 U <0.1 U 3.924 0.41 1.25 0.0264 <0.005 U <2 U <0.2 U <0.5 U
6/10/2019 Assessment 0.03 J 0.62 112 0.02 J 0.02 J 0.368 0.051 5.96 0.49 0.530 <0.02 U <0.005 U 0.8 J <0.03 U <0.1 U
8/27/2019 Assessment 0.11 0.57 114 <0.02 U 0.06 0.278 0.05 J 4.73 0.275 J 0.395 0.0231 <0.005 U 1 J <0.03 U <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*: Sample collected on 10/23/2018

Collection Date
Monitoring 

Program

1 of 1



Table 1 - Groundwater Data Summary: B-2
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 1.13 91.9 6 <0.083 U 7.0 1212 619
7/19/2016 Background 1.33 59.9 7 0.3361 J 6.7 936 464
9/14/2016 Background 1.19 62.6 7 <0.083 U 6.6 1124 560
10/5/2016 Background 1.32 45.3 7 <0.083 U 5.9 741 339
11/8/2016 Background 1.82 27.5 6 <0.083 U 6.0 365 145
1/24/2017 Background 1.56 24 5 <0.083 U 5.8 296 119
3/7/2017 Background 1.04 32.1 5 <0.083 U 5.9 260 105

4/26/2017 Background 1.44 23.1 6 <0.083 U 6.3 400 179
5/16/2017 Background 1.33 20.7 6 <0.083 U 5.5 328 153
6/16/2017 Background 0.936 39.6 6 <0.083 U 5.9 278 109
8/29/2017 Detection 1.07 18 6 <0.083 U 6.0 270 116

12/21/2017 Detection 0.7 - - - - - - 5.9 - - - -
3/26/2018 Assessment 0.851 15.3 4 <0.083 U 6.7 324 138
8/27/2018 Assessment 0.702 56.3 - - - - 6.7 532 - -

10/23/2018 Assessment - - - - 10.8 <0.083 U - - - - 198
3/12/2019 Assessment 0.634 34.5 5.88 0.1 J 6.9 376 129
6/11/2019 Assessment 0.697 14.2 4.16 0.06 J 6.4 246 80.9
8/27/2019 Assessment 0.735 15.4 3 <0.083 U 5.9 230 65

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program

1 of 1



Table 1 - Groundwater Data Summary: B-2
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 94 0.131152 J <0.07 U 4 0.952324 J 1.06 <0.083 U <0.68 U 0.009 0.02106 J 6 82 <0.86 U
7/19/2016 Background <0.93 U <1.05 U 114 0.297284 J <0.07 U 6 2.18888 J - - 0.3361 J 1.98005 J 0.005 0.00946 J 2.74335 J 50 <0.86 U
9/14/2016 Background 1.81571 J 8 226 1 0.348046 J 26 15 1.752 <0.083 U 13 0.021 0.027 2.59675 J 49 0.98925 J
10/5/2016 Background <0.93 U <1.05 U 73 0.168987 J <0.07 U 5 1.57645 J 4.1 <0.083 U 1.52736 J 0.016 <0.005 U 0.783837 J 35 <0.86 U
11/8/2016 Background 1.15186 J 17 543 3 0.870406 J 37 31 3.87 <0.083 U 26 0.027 0.05 2.69221 J 13 <0.86 U
1/24/2017 Background 1.32054 J 2.57288 J 214 0.763757 J <0.07 U 10 6 1.408 <0.083 U 4.36086 J 0.007 0.01252 J 0.832511 J 9 <0.86 U
3/7/2017 Background 6.00 <1.05 U 70 0.157872 J <0.07 U 2 0.632449 J 1.372 <0.083 U <0.68 U 0.005 <0.005 U 0.478127 J 20 <0.86 U

4/26/2017 Background <0.93 U 1.39 J 97.47 0.22 J 0.08 J 3.44 1.24 J 1.881 <0.083 U 1.32 J 0.00242 <0.005 U 0.77 J 9.94 <0.86 U
5/16/2017 Background 1.17 J 1.77 J 51.22 0.17 J <0.07 U 2.49 0.47 J 1.429 <0.083 U 0.8 J 0.00161 <0.005 U 0.34 J 9.52 <0.86 U
6/16/2017 Background <0.93 U 1.08 J 79.45 0.17 J 0.09 J 3.76 1.67 J 1.839 <0.083 U 0.8 J 0.00287 <0.005 U 2.1 J 20.57 <0.86 U
3/26/2018 Assessment 1.6 J 1.44 J 62.23 0.15 J <0.07 U 2.15 0.62 J 2.018 <0.083 U <0.68 U 0.0023 <0.005 U <0.29 U 8.63 0.88 J
8/27/2018 Assessment 0.02 J 0.67 62.7 0.062 0.05 2.17 0.371 2.403 <0.083 U* 0.332 0.00172 0.005 J 4.42 27.3 0.066
3/12/2019 Assessment <0.1 U 0.4 J 63.9 0.1 J 0.06 J 2.83 0.2 J 1.93 0.1 J 0.2 J 0.00188 <0.005 U <2 U 14.3 <0.5 U
6/11/2019 Assessment <0.02 U 0.18 38.5 0.208 0.04 J 1.57 0.069 0.959 0.06 J <0.05 U <0.02 U <0.005 U 0.4 J 6.7 <0.1 U
8/27/2019 Assessment <0.02 U 0.22 41.3 0.149 0.03 J 1.75 0.105 0.888 <0.083 U 0.08 J 0.00128 <0.005 U 0.5 J 6.8 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018
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Table 1 - Groundwater Data Summary: B-4
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.03 8.23 8 <0.083 U 7.0 92 14
7/19/2016 Background 0.03 8.86 9 <0.083 U 6.7 75 12
9/14/2016 Background 0.03 19.4 8 <0.083 U 6.8 128 8
10/5/2016 Background 0.02 8.22 10 <0.083 U 6.2 78 13
11/8/2016 Background 0.04 13.3 9 <0.083 U 6.7 72 10
1/24/2017 Background 0.04 23.6 8 <0.083 U 6.8 84 5
3/7/2017 Background 0.02 22.8 8 <0.083 U 7.1 52 5

4/26/2017 Background 0.0382 32.4 9 <0.083 U 6.9 86 8
5/16/2017 Background 0.03844 15.5 8 <0.083 U 7.2 88 10
6/16/2017 Background 0.0588 7.13 9 <0.083 U 7.4 76 11
8/29/2017 Detection 0.04762 5.5 8 <0.083 U 7.2 60 8
3/26/2018 Assessment 0.03141 6.06 5 <0.083 U 7.4 72 10
8/28/2018 Assessment 0.030 8.23 - - - - 7.6 44 - -

10/23/2018 Assessment - - - - 9.61 <0.083 U - - - - 13.6
3/12/2019 Assessment 0.036 3.37 4.58 0.02 J 7.5 68 12.1
6/11/2019 Assessment 0.07 J 3.50 3.74 0.02 J 7.5 60 13.4
8/28/2019 Assessment 0.056 2.92 3 <0.083 U 6.0 66 11

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-4
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 49 0.205178 J <0.07 U 1 0.36974 J 0.734 <0.083 U <0.68 U <0.00013 U 0.01529 J <0.29 U <0.99 U <0.86 U
7/19/2016 Background <0.93 U <1.05 U 49 0.211526 J <0.07 U 1 0.15016 J - - <0.083 U <0.68 U 0.002 0.00738 J <0.29 U <0.99 U <0.86 U
9/14/2016 Background <0.93 U <1.05 U 65 0.037683 J <0.07 U 2 0.4142 J 8.344 <0.083 U 1.16564 J 0.001 <0.005 U <0.29 U <0.99 U 0.918935 J
10/5/2016 Background <0.93 U <1.05 U 71 0.439546 J <0.07 U 5 2.34157 J 3.969 <0.083 U 1.65693 J 0.009 <0.005 U <0.29 U <0.99 U <0.86 U
11/8/2016 Background <0.93 U 1.75787 J 62 0.382027 J 0.130549 J 4 1.2283 J 0.351 <0.083 U 0.943091 J 0.003 0.00809 J <0.29 U <0.99 U <0.86 U
1/24/2017 Background 2.63622 J <1.05 U 60 0.210311 J <0.07 U 2 0.749001 J 0.945 <0.083 U <0.68 U 0.001 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background 1.09461 J <1.05 U 51 0.24192 J <0.07 U 1 0.605358 J 1.588 <0.083 U <0.68 U 0.003 <0.005 U <0.29 U <0.99 U <0.86 U

4/26/2017 Background <0.93 U <1.05 U 63.66 0.08 J <0.07 U 0.91 J 0.28 J 0.679 <0.083 U 0.87 J 0.00083 J <0.005 U <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 70.02 0.09 J <0.07 U 0.99 J <0.14 U 2.89 <0.083 U <0.68 U 0.00077 J 0.005 J <0.29 U 1.11 J <0.86 U
6/16/2017 Background 4.52 J 1.18 J 49.29 0.22 J 0.08 J 0.82 J 0.19 J 3.373 <0.083 U <0.68 U 0.00119 <0.005 U <0.29 U <0.99 U 0.9 J
3/26/2018 Assessment 2.1 J <1.05 U 46.33 0.09 J <0.07 U 0.99 J 0.18 J 2.309 <0.083 U <0.68 U 0.00114 <0.005 U <0.29 U 1.94 J <0.86 U
8/28/2018 Assessment 0.01 J 0.17 40.5 0.208 0.13 1.03 0.184 0.3669 <0.083 U* 0.184 0.00110 <0.005 U 0.07 J 0.8 0.03 J
3/12/2019 Assessment <0.1 U <0.2 U 34.3 0.2 J 0.1 J 1.26 <0.1 U 0.2946 0.02 J <0.1 U 0.00123 <0.005 U <2 U 0.6 J <0.5 U
6/11/2019 Assessment <0.02 U 0.06 J 31.2 0.215 0.05 J 1.03 0.04 J 0.68 0.02 J <0.05 U <0.02 U <0.005 U <0.4 U 0.7 <0.1 U
8/28/2019 Assessment <0.02 U 0.06 J 31.1 0.204 0.04 J 1.11 0.084 1.053 <0.083 U <0.05 U 0.000925 <0.005 U <0.4 U 0.8 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018
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Table 1 - Groundwater Data Summary: B-5
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.01 17.4 6 <0.083 U 5.1 424 189
7/19/2016 Background 0.01 16.2 7 <0.083 U 5.2 424 205
9/14/2016 Background 0.01 17.6 7 <0.083 U 6.4 372 187
10/5/2016 Background 0.01 18.7 12 0.2728 J 6.5 404 197
11/8/2016 Background 0.02 15.9 9 <0.083 U 6.6 352.94 160
1/24/2017 Background 0.02 18 6 <0.083 U 5.6 404 212
3/7/2017 Background 0.02 16.9 6 <0.083 U 5.1 392 200

4/26/2017 Background 0.02255 17.6 7 <0.083 U 5.9 422 226
5/16/2017 Background 0.01833 18.3 7 <0.083 U 4.9 416 229
6/16/2017 Background 0.03663 17 8 <0.083 U 5.0 410 206
8/29/2017 Detection 0.03455 16.4 8 <0.083 U 5.4 376 199
3/28/2018 Assessment 0.01591 15.5 6 <0.083 U 5.4 372 169
8/28/2018 Assessment 0.014 16.5 - - - - 5.5 396 - -

10/23/2018 Assessment - - - - 10 <0.083 U - - - - 216
3/12/2019 Assessment 0.01 J 16.2 8.30 0.07 J 5.3 372 205
6/11/2019 Assessment <0.04 U 17.9 7.02 0.08 5.7 438 271
8/28/2019 Assessment <0.02 U 15.9 6 <0.083 U 5.0 402 219

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-5
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 49 0.538281 J 0.130546 J 3 0.63546 J 0.700 <0.083 U <0.68 U 225069333E-04 0.035 <0.29 U 36 1.07783 J
7/19/2016 Background <0.93 U 1.09501 J 53 0.578371 J <0.07 U 2 0.670288 J - - <0.083 U 0.951208 J 0.003 0.01341 J <0.29 U 37 <0.86 U
9/14/2016 Background <0.93 U <1.05 U 59 0.421905 J 0.107531 J 3 0.632453 J 0.7219 <0.083 U <0.68 U 0.003 0.01083 J <0.29 U 37 <0.86 U
10/5/2016 Background <0.93 U <1.05 U 70 0.70802 J 0.0937694 J 6 2.24689 J 4.38 0.2728 J 2.22182 J 0.014 0.049 <0.29 U 39 <0.86 U
11/8/2016 Background <0.93 U <1.05 U 64 0.556725 J 1 4 0.96226 J 0.673 <0.083 U <0.68 U 0.003 0.02149 J <0.29 U 33 <0.86 U
1/24/2017 Background <0.93 U <1.05 U 60 0.634776 J 0.136621 J 5 1.12636 J 1.222 <0.083 U <0.68 U 0.003 0.053 <0.29 U 38 1.02071 J
3/7/2017 Background <0.93 U <1.05 U 42 0.548248 J <0.07 U 3 0.601941 J 0.557 <0.083 U <0.68 U 0.002 0.0138 J <0.29 U 36 <0.86 U
4/26/2017 Background 1.24 J 1.87 J 36.3 0.56 J 0.15 J 3.27 0.92 J 0.698 <0.083 U <0.68 U 0.003 0.013 J <0.29 U 37.33 <0.86 U
5/16/2017 Background <0.93 U 1.16 J 38.38 0.65 J 0.08 J 3.63 0.84 J 4.934 <0.083 U <0.68 U 0.00348 0.013 J <0.29 U 39.1 <0.86 U
6/16/2017 Background <0.93 U <1.05 U 37.52 0.6 J 0.07 J 3.33 0.63 J 8.709 <0.083 U <0.68 U 0.00323 0.008 J <0.29 U 36.88 <0.86 U
3/28/2018 Assessment 4.41 J <1.05 U 42.4 0.46 J 0.27 J 2.38 0.63 J 0.721 <0.083 U 0.74 J 0.00263 0.015 J <0.29 U 35.97 1.16 J
8/28/2018 Assessment 0.04 J 0.88 45.0 0.525 0.19 3.01 0.414 1.501 <0.083 U* 0.482 0.00223 0.096 0.06 J 38.7 0.070
3/12/2019 Assessment 0.2 J 0.62 80.5 0.638 0.56 2.89 0.477 0.969 0.07 J 0.833 0.00274 0.028 <2 U 39.2 <0.5 U
6/11/2019 Assessment <0.02 U 0.67 26.0 0.376 0.18 3.00 0.349 1.27 0.08 0.203 <0.02 U 0.007 J <0.4 U 39 <0.1 U
8/28/2019 Assessment <0.02 U 0.44 33.7 0.487 0.18 2.40 0.331 0.717 <0.083 U 0.1 J 0.00215 0.006 J <0.4 U 37.5 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-6
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.05 36.9 6 <0.083 U 6.7 180 19
7/19/2016 Background 0.06 49.5 8 <0.083 U 7.2 208 24
9/14/2016 Background 0.06 52.3 8 <0.083 U 6.6 232 38
10/5/2016 Background 0.06 44.7 8 <0.083 U 7.0 220 29
11/8/2016 Background 0.06 40 7 <0.083 U 6.9 208 29
1/24/2017 Background 0.08 51.9 7 <0.083 U 7.0 244 34
3/7/2017 Background 0.06 43 6 <0.083 U 7.0 178 24

4/26/2017 Background 0.05207 56.5 8 <0.083 U 6.2 238 37
5/16/2017 Background 0.04277 48.6 7 <0.083 U 6.5 206 24
6/16/2017 Background 0.05859 53.8 8 <0.083 U 6.6 252 26
8/28/2017 Detection 0.06251 37 8 0.2066 J 7.0 162 16

12/21/2017 Detection 0.06498 - - - - - - 7.0 - - - -
3/26/2018 Detection 0.04773 34 6 <0.083 U 6.4 156 13
8/28/2018 Detection 0.050 34.6 - - - - 6.4 144 - -

10/23/2018 Assessment - - - - 12.2 <0.083 U - - - - 24.6
3/12/2019 Assessment 0.037 41.9 8.16 <0.04 U 6.9 100 17.1
6/10/2019 Assessment 0.05 J 49.7 7.78 0.03 J 6.8 188 21.7
8/27/2019 Assessment 0.03 J 44.8 6 <0.083 U 6.6 250 36

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-6
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 42 0.0329713 J <0.07 U 2 0.5336 J 0.625 <0.083 U <0.68 U 0.000846322 J 0.0121 J <0.29 U 1.38371 J <0.86 U
7/19/2016 Background <0.93 U <1.05 U 60 0.169224 J <0.07 U 3 1.23508 J - - <0.083 U 0.848543 J 0.002 0.00953 J 0.863908 J 3.30254 J <0.86 U
9/14/2016 Background <0.93 U <1.05 U 65 <0.02 U <0.07 U 4 1.26649 J 1.556 <0.083 U 1.53065 J 0.002 <0.005 U <0.29 U 3.35098 J <0.86 U
10/5/2016 Background <0.93 U 3.63583 J 87 0.559451 J 0.268209 J 11 4.75063 J 7.58 <0.083 U 4.70003 J 0.016 0.01261 J 0.732328 J 3.04012 J <0.86 U
11/8/2016 Background <0.93 U <1.05 U 58 0.134729 J 0.116659 J 5 1.68272 J 0.846 <0.083 U 1.07347 J 0.002 0.01235 J <0.29 U 2.02161 J <0.86 U
1/24/2017 Background <0.93 U <1.05 U 76 0.216535 J <0.07 U 6 2.57434 J 1.415 <0.083 U 1.31013 J 0.003 0.00759 J 0.868445 J 1.16358 J <0.86 U
3/7/2017 Background <0.93 U <1.05 U 55 0.140509 J <0.07 U 4 1.95733 J 0.705 <0.083 U 2.18218 J 0.004 0.00738 J 0.328653 J 1.0391 J <0.86 U

4/26/2017 Background <0.93 U 1.89 J 75.05 0.26 J 0.16 J 6.35 2.74 J 0.671 <0.083 U 2.44 J 0.0038 0.008 J 0.62 J 4.5 J <0.86 U
5/16/2017 Background <0.93 U 1.49 J 59.86 0.12 J <0.07 U 3.12 1.16 J 13.943 <0.083 U 1.16 J 0.00182 <0.005 U 0.43 J 1.04 J <0.86 U
6/16/2017 Background <0.93 U 1.5 J 65.93 0.16 J <0.07 U 4.2 1.58 J 1.14 <0.083 U 1.03 J 0.00238 <0.005 U 0.5 J <0.99 U 1.16 J
3/26/2018 Assessment 1.45 J 1.46 J 56.88 0.1 J 0.27 J 4.42 1.8 J 1.055 <0.083 U 2.42 J 0.00281 0.005 J 0.58 J 2.87 J 1.32 J
8/28/2018 Assessment 0.01 J 0.14 41.3 0.007 J 0.02 J 1.73 0.022 0.567 <0.083 U* 0.005 J 0.000415 0.007 J 0.54 1.7 0.03 J
3/12/2019 Assessment <0.1 U 0.61 48.3 <0.1 U <0.05 U 2.32 0.597 0.571 <0.04 U 0.748 0.0009 J <0.005 U <2 U 2.2 <0.5 U
6/10/2019 Assessment 0.08 J 0.51 49.8 0.08 J 0.08 J 2.18 0.537 0.8101 0.03 J 0.697 <0.02 U <0.005 U <0.8 U 2.4 <0.2 U
8/27/2019 Assessment 0.05 J 0.36 48.6 0.04 J 0.04 J 1.96 0.387 0.347 <0.083 U 0.509 0.000518 <0.005 U <0.4 U 2.4 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-7A
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.02 95.1 3 <0.083 U 6.7 320 29
7/19/2016 Background 0.02 98.1 4 0.3892 J 7.2 314 34
9/14/2016 Background 0.02 100 4 <0.083 U 7.2 304 33
10/5/2016 Background 0.02 97.1 5 0.3235 J 7.6 312 33
11/8/2016 Background 0.02 100 4 <0.083 U 7.5 332 32
1/24/2017 Background 0.02 102 3 <0.083 U 7.3 314 34
3/7/2017 Background 0.02 105 3 <0.083 U 7.1 296 33

4/26/2017 Background 0.01786 101 5 <0.083 U 7.0 298 34
5/16/2017 Background 0.01605 107 4 <0.083 U 6.9 306 35
6/16/2017 Background 0.03032 106 5 <0.083 U 6.8 320 35
8/28/2017 Detection 0.03116 102 5 0.2740 J - - 304 33
3/26/2018 Detection 0.01576 100 3 <0.083 U 7.1 300 33
8/28/2018 Detection 0.018 105 - - - - 7.7 314 - -

10/23/2018 Assessment - - - - 7.28 <0.083 U - - - - 35.6
3/11/2019 Assessment 0.02 J 99.6 3.43 0.24 7.5 336 30.7
6/10/2019 Assessment <0.04 U 105 3.12 0.24 7.1 312 35.4
8/27/2019 Assessment <0.02 U 102 2 0.144 J 8.3 378 36

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-7A
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 60 <0.02 U <0.07 U <0.23 U 0.648714 J 2.556 <0.083 U <0.68 U 0.021 0.033 0.838425 J <0.99 U <0.86 U
7/19/2016 Background <0.93 U 1.33211 J 60 0.0763658 J <0.07 U 0.240969 J 0.345176 J - - 0.3892 J 0.791157 J 0.022 0.034 0.619545 J <0.99 U 1.98498 J
9/14/2016 Background <0.93 U <1.05 U 69 <0.02 U <0.07 U 0.354374 J 0.39525 J 3.54 <0.083 U <0.68 U 0.021 0.00796 J 0.476503 J <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 66 <0.02 U <0.07 U <0.23 U 0.842911 J 7.97 0.3235 J <0.68 U 0.034 <0.005 U 0.68021 J <0.99 U <0.86 U
11/8/2016 Background <0.93 U 1.1401 J 65 <0.02 U <0.07 U 0.28162 J 0.667484 J 2.247 <0.083 U <0.68 U 0.017 0.00705 J <0.29 U <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 65 <0.02 U <0.07 U <0.23 U 0.352624 J 2.311 <0.083 U <0.68 U 0.015 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 62 <0.02 U <0.07 U 0.432618 J 0.458003 J 3.154 <0.083 U <0.68 U 0.022 0.00621 J <0.29 U <0.99 U <0.86 U

4/26/2017 Background <0.93 U <1.05 U 68.64 <0.02 U <0.07 U <0.23 U 0.64 J 1.934 <0.083 U <0.68 U 0.01501 <0.005 U <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U 1.25 J 59.92 <0.02 U <0.07 U 0.24 J 0.56 J 2.714 <0.083 U <0.68 U 0.01509 0.008 J <0.29 U <0.99 U <0.86 U
6/16/2017 Background <0.93 U <1.05 U 56.32 <0.02 U <0.07 U <0.23 U 0.43 J 3.072 <0.083 U 1.74 J 0.01452 <0.005 U <0.29 U <0.99 U <0.86 U
3/26/2018 Assessment 1.28 J 1.85 J 51.94 <0.02 U <0.07 U <0.23 U 0.24 J 3.93 <0.083 U <0.68 U 0.0191 <0.005 U 0.29 J <0.99 U <0.86 U
8/28/2018 Assessment 0.02 J 1.59 52.4 0.01 J 0.03 0.071 0.400 2.861 <0.083 U * 0.156 0.0158 <0.005 U 0.63 0.04 J 0.03 J
3/11/2019 Assessment <0.1 U 3.15 74.8 <0.1 U 0.05 J 1.95 0.351 1.962 0.24 0.2 J 0.0200 <0.005 U <2 U <0.2 U <0.5 U
6/10/2019 Assessment 0.06 J 2.35 42.9 <0.02 U 0.02 J <0.04 U 0.074 2.561 0.24 0.1 J <0.02 U <0.005 U 0.5 J <0.03 U <0.1 U
8/27/2019 Assessment 0.15 2.93 49.0 <0.02 U 0.03 J 0.2 J 0.134 1.853 0.144 J 0.1 J 0.0164 <0.005 U 0.6 J 0.04 J <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018

Collection Date
Monitoring 
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Table 1 - Groundwater Data Summary: B-9
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.01 81 5 <0.083 U 7.2 234 14
7/19/2016 Background 0.00947041 J 83 5 0.3556 J 7.4 204 14
9/14/2016 Background 0.00711941 J 99.6 7 <0.083 U 7.6 239 18
10/5/2016 Background 0.00768136 J 98.6 8 0.1884 J 7.4 246 21
11/8/2016 Background 0.01 94.3 6 <0.083 U 7.9 240 25
1/24/2017 Background 0.02 99.8 5 <0.083 U 6.6 234 19
3/7/2017 Background 0.01 88.5 6 <0.083 U 6.4 228 21

4/26/2017 Background 0.01036 87.7 6 0.31 J 6.8 224 19
5/16/2017 Background 0.009500 J 98.5 6 <0.083 U 7.5 198 21
6/16/2017 Background 0.02369 124 6 <0.083 U 7.0 270 22
8/28/2017 Detection 0.02463 106 6 0.2389 J 7.2 224 25
3/28/2018 Assessment 0.00998 J 86.1 6 <0.083 U 7.9 260 28
8/27/2018 Assessment 0.010 144 - - - - 7.7 272 - -

10/23/2018 Assessment - - - - 7.22 <0.083 U - - - - 36.7
3/12/2019 Assessment 0.01 J 97.3 3.68 0.1 J 8.1 278 34.3
6/11/2019 Assessment <0.04 U 99.7 3.69 0.13 7.7 248 37.6
8/27/2019 Assessment <0.02 U 128 3 <0.083 U 7.2 310 37

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-9
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 128 0.0475927 J <0.07 U 2 0.648715 J 0.25 <0.083 U <0.68 U 0.005 0.01472 J 0.871853 J <0.99 U 1.51586 J
7/19/2016 Background <0.93 U <1.05 U 139 0.0706417 J <0.07 U 2 0.520418 J - - 0.3556 J 0.756023 J 0.003 0.01407 J <0.29 U <0.99 U 1.04447 J
9/14/2016 Background <0.93 U <1.05 U 143 <0.02 U <0.07 U 3 1.03431 J 3.039 <0.083 U <0.68 U 0.002 <0.005 U <0.29 U <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 135 <0.02 U <0.07 U 4 1.7825 J 0.893 0.1884 J 0.693028 J 0.016 <0.005 U <0.29 U <0.99 U <0.86 U
11/8/2016 Background <0.93 U <1.05 U 136 0.0202009 J <0.07 U 3 1.48231 J 0.569 <0.083 U <0.68 U 0.003 0.00774 J <0.29 U <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 154 0.03324 J <0.07 U 3 1.21896 J 0.618 <0.083 U <0.68 U 0.003 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background 1.39106 J <1.05 U 142 <0.02 U <0.07 U 2 0.886686 J 2.009 <0.083 U <0.68 U 0.009 <0.005 U <0.29 U <0.99 U <0.86 U
4/26/2017 Background <0.93 U 1.13 J 144 <0.02 U <0.07 U 2.52 0.93 J 0.989 0.31 J 0.79 J 0.00316 <0.005 U <0.29 U <0.99 U <0.86 U
5/16/2017 Background <0.93 U 1.68 J 142 0.03 J <0.07 U 2.56 0.83 J 9.472 <0.083 U <0.68 U 0.00311 <0.005 U <0.29 U <0.99 U <0.86 U
6/16/2017 Background <0.93 U 1.11 J 150 0.04 J <0.07 U 4.01 1.32 J 1.795 <0.083 U <0.68 U 0.00343 <0.005 U <0.29 U <0.99 U <0.86 U
3/28/2018 Assessment <0.93 U <1.05 U 177 <0.02 U <0.07 U 0.91 J 0.36 J 2.06 <0.083 U <0.68 U 0.0041 <0.005 U <0.29 U <0.99 U <0.86 U
8/27/2018 Assessment 0.11 1.29 139 0.034 0.06 1.74 2.33 1.12 <0.083 U* 1.08 0.00241 <0.005 U 0.54 0.8 0.04 J
3/12/2019 Assessment <0.1 U 0.85 175 <0.1 U <0.05 U 0.6 J 0.2 J 0.629 0.1 J 0.2 J 0.00528 <0.005 U <2 U <0.2 U <0.5 U
6/11/2019 Assessment <0.1 U 0.90 166 <0.1 U <0.05 U 1.11 0.2 J 0.1572 0.13 <0.2 U <0.02 U <0.005 U 36.1 0.4 J <0.5 U
8/27/2019 Assessment 0.09 J 1.67 188 0.02 J 0.08 1.61 0.827 1.258 <0.083 U 0.509 0.00409 <0.005 U 0.4 J 0.5 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-10
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.02 77.6 7 <0.083 U 8.4 275 30
7/19/2016 Background 0.01 82.5 8 <0.083 U 7.4 252 30
9/14/2016 Background 0.02 104 8 <0.083 U 7.3 275 31
10/5/2016 Background 0.02 82.9 9 0.2319 J 7.0 308 39
11/8/2016 Background 0.03 116 8 <0.083 U 8.0 268 30
1/24/2017 Background 0.03 77.1 7 <0.083 U 7.1 276 33
3/7/2017 Background 0.02 84.8 6 <0.083 U 6.6 268 29

4/26/2017 Background 0.01728 77.4 8 0.3 J 6.6 266 26
5/16/2017 Background 0.03169 80.6 8 <0.083 U 6.8 284 35
6/16/2017 Background 0.04007 75.6 9 <0.083 U 6.5 296 31
8/28/2017 Detection 0.0448 72.8 9 0.3304 J 7.4 256 28
3/26/2018 Assessment 0.00862 J 76.6 6 <0.083 U 8.0 244 25
8/27/2018 Assessment 0.028 64.4 - - - - 7.6 254 - -

10/23/2018 Assessment - - - - 11.7 <0.083 U - - - - 26.4
3/12/2019 Assessment 0.028 72.4 9.68 0.1 J 8.4 226 21.4
6/10/2019 Assessment <0.04 U 80.4 9.24 0.11 7.4 260 26.1
8/27/2019 Assessment <0.02 U 70.8 7 <0.083 U 7.3 268 26

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-10
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 77 0.0283721 J <0.07 U 2 0.567956 J 0.3279 <0.083 U <0.68 U 0.004 0.01767 J 1.07659 J <0.99 U <0.86 U
7/19/2016 Background <0.93 U <1.05 U 78 0.0513816 J <0.07 U 2 0.487304 J - - <0.083 U <0.68 U 0.002 0.02255 J <0.29 U <0.99 U <0.86 U
9/14/2016 Background <0.93 U 1.73638 J 102 <0.02 U <0.07 U 16 1.45899 J 0.625 <0.083 U 1.5658 J 0.003 <0.005 U 0.405665 J <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 76 <0.02 U <0.07 U 1 0.616894 J 1.305 0.2319 J <0.68 U 0.016 <0.005 U 0.98229 J <0.99 U <0.86 U
11/8/2016 Background <0.93 U 6 103 0.350438 J 0.413058 J 37 5 1.066 <0.083 U 2.57815 J 0.005 0.01543 J 1.18188 J <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 82 0.049146 J <0.07 U 1 1.02071 J 0.618 <0.083 U <0.68 U 0.003 <0.005 U 1.261 J <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 77 <0.02 U <0.07 U 2 0.814652 J 1.119 <0.083 U <0.68 U 0.01 <0.005 U 1.02218 J <0.99 U <0.86 U
4/26/2017 Background <0.93 U 1.5 J 69.33 <0.02 U <0.07 U 0.26 J 0.65 J 0.668 0.3 J <0.68 U 0.00287 <0.005 U 0.92 J <0.99 U <0.86 U
5/16/2017 Background <0.93 U <1.05 U 82.92 <0.02 U <0.07 U 0.59 J 0.76 J 1.294 <0.083 U <0.68 U 0.00357 <0.005 U 1.55 J <0.99 U <0.86 U
6/16/2017 Background <0.93 U <1.05 U 76.25 <0.02 U <0.07 U 0.39 J 1.17 J 2.477 <0.083 U <0.68 U 0.00358 <0.005 U 1.28 J <0.99 U <0.86 U
3/26/2018 Assessment <0.93 U <1.05 U 81.96 <0.02 U <0.07 U 1.37 0.44 J 1.869 <0.083 U 1.12 J 0.00156 <0.005 U 0.78 J <0.99 U 1.36 J
8/27/2018 Assessment 0.10 2.80 74.8 0.02 J 0.03 0.889 1.60 0.887 <0.083 U* 0.189 0.00308 0.005 J 3.52 0.3 0.03 J
3/12/2019 Assessment 0.1 J 0.67 79.1 <0.1 U 0.05 J 0.9 J 0.299 0.860 0.1 J 0.3 J 0.00167 <0.005 U <2 U 0.3 J <0.5 U
6/10/2019 Assessment 0.2 J 0.3 J 78.3 <0.1 U <0.05 U 0.3 J <0.1 U 1.128 0.11 <0.2 U <0.02 U <0.005 U 10 J 0.5 J <0.5 U
8/27/2019 Assessment 0.11 0.46 79.1 <0.02 U 0.02 J 0.385 0.128 1.344 <0.083 U 0.05 J 0.00169 0.016 J 1 J 0.4 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*: Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-11
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.171 10.5 4 <0.083 U 5.7 182 26
7/19/2016 Background 0.238 13.3 5 <0.083 U 6.2 144 41
9/14/2016 Background 0.207 14.7 6 <0.083 U 6.6 120 33
10/5/2016 Background 0.19 13 6 <0.083 U 6.4 156 36
11/8/2016 Background 0.188 11.3 5 <0.083 U 6.5 106 36
1/24/2017 Background 0.214 18.2 4 <0.083 U 6.1 128 39
3/7/2017 Background 0.199 12.6 3 <0.083 U 5.5 112 37

4/26/2017 Background 0.253 16.2 6 <0.083 U 5.9 130 45
5/16/2017 Background 0.453 13.6 6 <0.083 U 5.3 142 62
6/16/2017 Background 0.508 14.9 6 <0.083 U 5.4 184 60
8/28/2017 Detection 0.266 9.65 6 <0.083 U 5.3 108 43

12/21/2017 Detection 0.227 - - - - - - 6.7 - - - -
3/28/2018 Assessment 0.465 12.2 4 <0.083 U 5.4 136 53
8/27/2018 Assessment 0.281 10.8 - - - - 5.9 100 - -

10/23/2018 Assessment - - - - 6.93 <0.083 U - - - - 47.7
3/12/2019 Assessment 0.409 11.6 4.03 0.04 J 5.8 104 44.9
6/10/2019 Assessment 0.548 17.0 3.73 0.04 J 5.9 82 54.7
8/27/2019 Assessment 0.605 15.4 3 <0.083 U 5.8 138 59

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-11
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 139 0.899874 J 1 13 3.28467 J 1.311 <0.083 U 4.23401 J 0.006 0.02458 J 0.362121 J <0.99 U <0.86 U
7/19/2016 Background <0.93 U 7 187 2 2 22 6 - - <0.083 U 9 0.018 0.02442 J 0.590003 J 1.89587 J <0.86 U
9/14/2016 Background <0.93 U 32 494 6 4 108 25 8.05 <0.083 U 49 0.079 0.097 3.32649 J <0.99 U 1.00112 J
10/5/2016 Background <0.93 U 3.13751 J 163 1 1 16 4.44532 J 2.161 <0.083 U 6 0.02 <0.005 U 0.370625 J 1.95476 J <0.86 U
11/8/2016 Background <0.93 U <1.05 U 99 0.259911 J 0.649573 J 2 0.824023 J 0.874 <0.083 U <0.68 U 0.004 <0.005 U <0.29 U <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 121 0.136215 J 0.418062 J 2 0.286943 J 1 <0.083 U <0.68 U 0.003 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 97 0.249082 J 0.477646 J 2 0.554259 J 12.993 <0.083 U <0.68 U 0.003 <0.005 U <0.29 U 2.72028 J <0.86 U
4/26/2017 Background <0.93 U <1.05 U 138 0.38 J 0.56 J 5.16 1.24 J 0.512 <0.083 U 0.83 J 0.00566 <0.005 U <0.29 U 1.52 J <0.86 U
5/16/2017 Background <0.93 U 1.16 J 129 0.39 J 0.15 J 3.27 0.97 J 0.911 <0.083 U <0.68 U 0.00329 <0.005 U <0.29 U 2.68 J <0.86 U
6/16/2017 Background <0.93 U <1.05 U 127 0.41 J 0.13 J 3.67 1.08 J 2.655 <0.083 U 1.23 J 0.00334 <0.005 U <0.29 U 1.15 J <0.86 U
3/28/2018 Assessment 4.89 J <1.05 U 124 0.34 J 0.16 J 0.99 J 0.48 J 1.183 <0.083 U 1 J 0.00181 <0.005 U <0.29 U 4.37 J <0.86 U
8/27/2018 Assessment 0.01 J 0.25 94.9 0.365 0.15 1.36 0.159 1.551 <0.083 U* 0.097 0.00255 <0.005 U 0.08 J 2.4 0.03 J
3/12/2019 Assessment <0.1 U 0.90 119 0.622 0.1 J 1.95 0.372 0.451 0.04 J 0.935 0.00221 <0.005 U <2 U 3.5 <0.5 U
6/10/2019 Assessment <0.04 U 0.36 111 0.316 0.08 J 0.884 0.162 1.121 0.04 J 0.2 J 0.03 J <0.005 U <0.8 U 3.1 <0.2 U
8/27/2019 Assessment <0.02 U 0.55 131 0.317 0.10 1.36 0.256 0.455 <0.083 U 0.416 0.0013 <0.005 U <0.4 U 4.1 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-12
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.02 63 10 <0.083 U 8.2 280 19
7/19/2016 Background 0.02 61.1 10 <0.083 U 7.6 216 15
9/14/2016 Background 0.02 70.5 11 <0.083 U 7.1 236 14
10/5/2016 Background 0.02 69.2 12 0.1908 J 7.0 271 12
11/8/2016 Background 0.03 66.7 12 <0.083 U 6.9 308 14
1/24/2017 Background 0.02 67.1 9 <0.083 U 6.7 268 9
3/7/2017 Background 0.02 68.1 9 <0.083 U 6.3 248 11

4/26/2017 Background 0.02379 59.4 9 <0.083 U 6.4 282 10
5/16/2017 Background 0.023 61.5 10 <0.083 U 6.4 236 10
6/16/2017 Background 0.0347 59.4 10 <0.083 U 6.6 252 9
8/29/2017 Detection 0.03061 72 10 <0.083 U 7.2 248 12
3/26/2018 Detection 0.02876 56.2 7 <0.083 U 7.8 176 6
8/28/2018 Detection 0.016 56.4 - - - - 7.9 258 - -

10/23/2018 Assessment - - - - 13.2 <0.083 U - - - - 9.16
3/11/2019 Assessment 0.02 J 58.0 11 0.06 J 8.5 254 5.0
6/10/2019 Assessment 0.04 J 60.9 10.6 0.06 J 7.2 244 7.0
8/27/2019 Assessment <0.02 U 59.6 8 <0.083 U 6.9 252 9

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-12
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 
Radium

Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 62 0.020013 J <0.07 U 0.98147 J 3.36185 J 0.28188 <0.083 U 0.779741 J 0.000759267 J 0.01713 J 2.94917 J <0.99 U <0.86 U
7/19/2016 Background <0.93 U <1.05 U 61 0.0839166 J <0.07 U 2 2.84565 J - - <0.083 U 1.17408 J 0.001 0.0216 J 3.86821 J <0.99 U <0.86 U
9/14/2016 Background <0.93 U <1.05 U 70 <0.02 U <0.07 U 2 2.53407 J 1.953 <0.083 U 0.716221 J 0.000874536 J <0.005 U 3.27157 J <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 67 <0.02 U <0.07 U 0.86698 J 2.31495 J 1.666 0.1908 J <0.68 U 0.014 <0.005 U 2.00891 J <0.99 U <0.86 U
11/8/2016 Background <0.93 U 8 123 1 0.465087 J 22 23 1.743 <0.083 U 15 0.011 0.039 4.65502 J <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 63 <0.02 U <0.07 U 0.446889 J 1.76121 J 1.357 <0.083 U <0.68 U 0.000559654 J <0.005 U 1.1441 J <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 59 <0.02 U <0.07 U 1 1.61975 J 2.97 <0.083 U 0.903447 J 0.006 <0.005 U 2.06812 J <0.99 U <0.86 U
4/26/2017 Background 1.92 J 1.23 J 53.73 0.02 J <0.07 U 0.65 J 1.34 J 0.908 <0.083 U <0.68 U 0.00106 0.006 J 0.69 J <0.99 U <0.86 U
5/16/2017 Background <0.93 U 1.65 J 59.7 0.07 J <0.07 U 1.57 1.95 J 0.6398 <0.083 U 0.77 J 0.00132 <0.005 U 0.58 J <0.99 U <0.86 U
6/16/2017 Background <0.93 U <1.05 U 56.66 <0.02 U <0.07 U 0.63 J 1.3 J 2.635 <0.083 U <0.68 U 0.00085 J <0.005 U <0.29 U <0.99 U <0.86 U
3/26/2018 Assessment 1.15 J <1.05 U 50.7 <0.02 U <0.07 U 1.06 1.85 J 0.867 <0.083 U <0.68 U 0.00069 J <0.005 U 1.13 J <0.99 U 0.96 J
8/28/2018 Assessment 0.15 0.43 48.8 0.042 0.03 0.993 2.51 0.891 <0.083 U* 0.535 0.000702 <0.005 U 1.11 0.4 0.03 J
3/11/2019 Assessment <0.1 U 0.3 J 51.6 <0.1 U <0.05 U 1.09 3.35 0.777 0.06 J 0.5 J 0.0008 J <0.005 U <2 U 0.3 J <0.5 U
6/10/2019 Assessment 0.1 J 0.29 54.2 <0.04 U 0.03 J 0.585 2.49 0.5134 0.06 J 0.3 <0.02 U <0.005 U <0.8 U 0.2 J <0.2 U
8/27/2019 Assessment 0.24 1.20 60.8 0.150 0.08 2.04 11.2 1.111 <0.083 U 2.65 0.00176 0.006 J 0.4 J 1.4 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*: Sample collected on 10/23/2018

Collection Date
Monitoring 

Program
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Table 1 - Groundwater Data Summary: B-13
Flint Creek - Landfill

Appendix III Constituents

Geosyntec Consultants, Inc.

Boron Calcium Chloride Fluoride pH
Total 

Dissolved 
Solids

Sulfate

mg/L mg/L mg/L mg/L SU mg/L mg/L
5/24/2016 Background 0.02 15.1 4 <0.083 U 6.9 108 20
7/19/2016 Background 0.03 14.7 3 <0.083 U 5.9 88 23
9/13/2016 Background 0.02 13 4 <0.083 U 5.1 68 18
10/5/2016 Background 0.02 13.6 5 <0.083 U 5.2 80 20
11/8/2016 Background 0.01 4.07 4 0.2121 J 5.4 52 7
1/24/2017 Background 0.01 4.26 3 <0.083 U 6.2 44 7
3/7/2017 Background 0.02 10.1 3 <0.083 U 4.8 64 16

4/26/2017 Background 0.02539 15 4 <0.083 U 5.3 82 27
5/16/2017 Background 0.03198 20.1 4 <0.083 U 5.7 60 33
6/16/2017 Background 0.04236 20.2 5 <0.083 U 5.2 114 31
8/28/2017 Detection 0.02674 12.7 4 <0.083 U 5.0 72 22
3/28/2018 Assessment 0.02271 14.8 2 <0.083 U 7.5 80 23
8/27/2018 Assessment 0.016 12.4 - - - - 5.1 58 - -

10/22/2018 Detection - - - - 3.6 <0.083 U - - - - 21.1
3/12/2019 Assessment 0.02 J 13.5 1.92 0.02 J 7.1 82 21.3
6/10/2019 Assessment <0.04 U 19.7 3.05 0.02 J 6.9 98 20.7
8/28/2019 Assessment <0.02 U 10.2 1 <0.083 U 5.4 64 18

Notes:
mg/L: milligrams per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed

Collection Date Monitoring 
Program
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Table 1 - Groundwater Data Summary: B-13
Flint Creek - Landfill

Appendix IV Constituents

Geosyntec Consultants, Inc.

Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt
Combined 

Radium
Fluoride Lead Lithium Mercury Molybdenum Selenium Thallium

µg/L µg/L µg/L µg/L µg/L µg/L µg/L pCi/L mg/L µg/L mg/L µg/L µg/L µg/L µg/L
5/24/2016 Background <0.93 U <1.05 U 53 0.122524 J 0.107623 J 2 1.81817 J 0.4473 <0.083 U <0.68 U <0.00013 U 0.02179 J <0.29 U <0.99 U <0.86 U
7/19/2016 Background <0.93 U <1.05 U 60 0.224239 J <0.07 U 4 1.60103 J - - <0.083 U 1.35024 J 0.002 0.01382 J <0.29 U <0.99 U <0.86 U
9/13/2016 Background <0.93 U <1.05 U 54 <0.02 U <0.07 U 3 1.45223 J 1.939 <0.083 U <0.68 U 0.002 <0.005 U <0.29 U <0.99 U <0.86 U
10/5/2016 Background <0.93 U <1.05 U 61 0.237762 J <0.07 U 5 2.78529 J 0.829 <0.083 U 1.81371 J 0.011 <0.005 U 0.539075 J <0.99 U <0.86 U
11/8/2016 Background <0.93 U <1.05 U 32 0.28466 J 0.256467 J 4 1.50224 J 0.3576 0.2121 J 1.58806 J 0.002 0.00767 J <0.29 U <0.99 U <0.86 U
1/24/2017 Background <0.93 U <1.05 U 36 0.29327 J <0.07 U 3 1.48125 J 0.733 <0.083 U <0.68 U 0.002 <0.005 U <0.29 U <0.99 U <0.86 U
3/7/2017 Background <0.93 U <1.05 U 44 0.142049 J <0.07 U 2 0.769644 J 0.841 <0.083 U <0.68 U 0.002 <0.005 U <0.29 U <0.99 U <0.86 U

4/26/2017 Background <0.93 U 1.92 J 66.22 0.22 J 0.1 J 4.05 1.94 J 0.844 <0.083 U 1.02 J 0.00252 0.021 J <0.29 U 1.68 J <0.86 U
5/16/2017 Background <0.93 U <1.05 U 71.99 0.13 J <0.07 U 2.26 0.99 J 0.918 <0.083 U <0.68 U 0.00133 <0.005 U <0.29 U 1.38 J <0.86 U
6/16/2017 Background <0.93 U <1.05 U 72.45 0.12 J <0.07 U 2.61 1.26 J 2.577 <0.083 U <0.68 U 0.00151 <0.005 U <0.29 U <0.99 U <0.86 U
3/28/2018 Assessment <0.93 U <1.05 U 56.76 <0.02 U <0.07 U 1.45 0.53 J 0.92 <0.083 U <0.68 U 0.00101 <0.005 U <0.29 U <0.99 U <0.86 U
8/27/2018 Assessment 0.02 J 0.13 48.3 0.113 0.05 0.611 0.210 0.530 <0.083 U* 0.149 0.000775 <0.005 U 0.08 J 0.5 0.02 J
3/12/2019 Assessment <0.1 U 0.62 55.4 0.2 J 0.08 J 1.76 1.08 0.882 0.02 J 1.51 0.00115 <0.005 U <2 U 0.8 J <0.5 U
6/10/2019 Assessment <0.02 U 0.07 J 55.1 0.05 J 0.04 J 0.379 0.03 J 0.461 0.02 J <0.05 U <0.02 U <0.005 U <0.4 U 0.5 <0.1 U
8/28/2019 Assessment <0.02 U 0.17 47.1 0.151 0.05 J 0.818 0.272 0.862 <0.083 U 0.221 0.000814 <0.005 U <0.4 U 0.4 <0.1 U

Notes:
µg/L: micrograms per liter
SU: standard unit
<: Non-detect value. Parameters which were not detected are shown as less than the method detection limit (MDL) followed by a 'U' flag.
J: Estimated value. Parameter was detected at concentration below the reporting limit
- -: Not analyzed
pCi/L: picocuries per liter
*: Sample collected on 10/22/2018

Collection Date
Monitoring 

Program
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APPENDIX II 

 

Where applicable, show in this appendix the results from statistical analyses, and a description of 
the statistical analysis method chosen.  These statistical analyses are to be conducted separately 
for each constituent in each monitoring well.   
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SECTION 1 

EXECUTIVE SUMMARY 

In accordance with the United States Environmental Protection Agency’s (USEPA’s) regulations 
regarding the disposal of coal combustion residuals (CCR) in landfills and surface impoundments 
(40 CFR 257.90-257.98, “CCR rule”), groundwater monitoring has been conducted at the Landfill 
(LF), an existing CCR unit at the Flint Creek Power Plant located in Gentry, Arkansas. 

Based on detection monitoring conducted in 2017 and 2018, a statistically significant increase 
(SSI) over background was concluded for boron at the LF. An alternative source was not identified 
at the time, so two assessment monitoring events were conducted at the LF in 2018, in accordance 
with 40 CFR 257.95.  No SSLs were identified during these events and the unit remained in 
assessment monitoring.  A semi-annual assessment monitoring event was also completed in March 
2019, with the results of the March 2019 event documented in this report.  

Groundwater data underwent several validation tests, including those for completeness, sample 
tracking accuracy, transcription errors, and consistent use of measurement units.  No data quality 
issues were identified which would impact the usability of the data. 

The monitoring data were submitted to Groundwater Stats Consulting, LLC for statistical analysis.  
Groundwater protection standards (GWPSs) were re-established for the Appendix IV parameters.  
Confidence intervals were calculated for Appendix IV parameters at the compliance wells to assess 
whether Appendix IV parameters were present at a statistically significant level (SSL) above the 
GWPS.  No SSLs were identified, but Appendix III concentrations for boron, calcium, chloride, 
and sulfate remained above background.  Thus, either the unit will remain in assessment 
monitoring or an alternative source demonstration (ASD) will be conducted to evaluate if the unit 
can return to detection monitoring.  Certification of the selected statistical methods by a qualified 
professional engineer is documented in Attachment A. 
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SECTION 2 

LANDFILL EVALUATION 

2.1 Data Validation & QA/QC 

During the assessment monitoring program, one set of samples was collected for analysis from 
each upgradient and downgradient well to meet the requirements of 40 CFR 257.95(d)(1).  
Samples from the March 2019 semi-annual sampling event were analyzed for the Appendix III 
and Appendix IV parameters.  A summary of data collected during this assessment monitoring 
event may be found in Table 1. 

Chemical analysis was completed by an analytical laboratory certified by the National 
Environmental Laboratory Accreditation Program (NELAP).  Quality assurance and quality 
control (QA/QC) samples completed by the analytical laboratory included the use of laboratory 
reagent blanks (LRBs), continuing calibration verification (CCV) samples, and laboratory fortified 
blanks (LFBs). 

The analytical data were imported into a Microsoft Access database, where checks were completed 
to assess the accuracy of sample location identification and analyte identification.  Where 
necessary, unit conversions were applied to standardize reported units across all sampling events.  
Exported data files were created for use with the Sanitas™ v.9.6.14 statistics software.  The export 
file was checked against the analytical data for transcription errors and completeness.  No QA/QC 
issues were noted which would impact data usability. 

2.2 Statistical Analysis  

Statistical analyses for the LF were conducted in accordance with the January 2017 Statistical 
Analysis Plan (AEP, 2017), except where noted below.  Time series plots and results for all 
completed statistical tests are provided in Attachment B. 

The data obtained to meet the requirements of 40 CFR 257.95(d)(1) were screened for potential 
outliers.  No outliers were identified. 

2.2.1 Establishment of GWPSs 

A GWPS was established for each Appendix IV parameter in accordance with 40 CFR 257.95(h) 
and the Statistical Analysis Plan (AEP, 2017).  The established GWPS was determined to be the 
greater value of the background concentration and the maximum contaminant level (MCL) or risk-
based level specified in 40 CFR 257.95(h)(2) for each Appendix IV parameter.  To determine 
background concentrations, an upper tolerance limit (UTL) was calculated using pooled data from 
the background wells collected during the background monitoring and assessment monitoring 
events.  Generally, tolerance limits were calculated parametrically with 95% coverage and 95% 
confidence.  Non-parametric tolerance limits were calculated for arsenic, barium, beryllium, 
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cadmium, chromium, lead, lithium, mercury, molybdenum, and selenium due to apparent non-
normal distributions and for antimony, fluoride, and thallium due to high non-detect frequencies.  
Tolerance limits and the final GWPSs are summarized in Table 2. 

2.2.2 Evaluation of Potential Appendix IV SSLs 

A confidence interval was constructed for each Appendix IV parameter at each compliance well.  
Confidence limits were generally calculated parametrically (α = 0.01); however, non-parametric 
confidence limits were calculated in some cases (e.g., when the data did not appear to be normally 
distributed or when the non-detect frequency was too high).  An SSL was concluded if the lower 
confidence limit (LCL) exceeded the GWPS (i.e., if the entire confidence interval exceeded the 
GWPS).  Calculated confidence limits are shown in Attachment B. 

No SSLs were identified at the Flint Creek LF.  

2.2.3 Evaluation of Potential Appendix III SSIs 

The CCR rule allows CCR units to move from assessment monitoring to detection monitoring if 
all Appendix III and Appendix IV parameters were at or below background levels for two 
consecutive sampling events [40 CFR 257.95(e)].  Since no Appendix IV SSLs were identified, 
Appendix III results were analyzed to assess whether concentrations of Appendix III parameters 
at the compliance wells exceeded background concentrations. 

Prediction limits were calculated for the Appendix III parameters to represent background values.  
As described in the January 2018 Statistical Analysis Summary report (Geosyntec, 2018), intrawell 
tests were used to evaluate potential SSIs for calcium, chloride, fluoride, pH, sulfate, and total 
dissolved solids (TDS), whereas an interwell test was used to evaluate potential SSIs for boron. 

Prediction limits for the interwell tests were recalculated using data collected during the March 
2019 assessment monitoring event.  Eight data points (i.e., one sample from eight background 
wells) were added to the background dataset for each interwell test.  New data were tested for 
outliers prior to being added to the background dataset.  The updated prediction limits were 
calculated for a one-of-two retesting procedure, as during detection monitoring.  The values of the 
updated prediction limits were similar to the values of the prediction limits calculated during 
detection monitoring.  The revised interwell prediction limits were used to evaluate potential SSIs 
for boron. 

For the intrawell tests, limited data made it possible to add only one data point (i.e., one sample 
from each compliance well) to each background dataset.  Because one sample result is insufficient 
to compare against the existing background dataset, the prediction limits were not updated for the 
intrawell tests at this time.  The intrawell prediction limits calculated during detection monitoring 
were used to evaluate potential SSIs for calcium, chloride, fluoride, pH, sulfate, and TDS. 

Data collected during the March 2019 assessment monitoring event from each compliance well 
were compared to the prediction limits to evaluate results above background values.  The results 
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from this event and the prediction limits are summarized in Table 3.  The following exceedances 
of the upper prediction limits (UPLs) were noted: 

 Boron concentrations exceeded the interwell UPL of 0.0588 mg/L at B-2 (0.634 mg/L) and 
B-11 (0.409 mg/L)  

 The reported sulfate concentration at B-9 exceeded the intrawell UPL of 27.9 mg/L (34.3 
mg/L). 

Based on these results, concentrations of Appendix III parameters exceeded background levels at 
compliance wells at the Flint Creek LF during assessment monitoring.  As a result, the Flint Creek 
LF CCR unit will remain in assessment monitoring. 

2.3 Conclusions 

A semi-annual assessment monitoring event was conducted in accordance with the CCR Rule.  
The laboratory and field data were reviewed prior to statistical analysis, with no QA/QC issues 
identified that impacted data usability.  A review of outliers identified no potential outliers in the 
March 2019 data.  GWPSs were re-established for the Appendix IV parameters.  A confidence 
interval was constructed at each compliance well for each Appendix IV parameter; SSLs were 
concluded if the entire confidence interval exceeded the GWPS.  No SSLs were identified. 

The Appendix III results were evaluated to assess whether concentrations of Appendix III 
parameters exceeded background levels.  Interwell tests were used to evaluate potential SSIs for 
boron, and intrawell tests were used to evaluate potential SSIs for calcium, chloride, fluoride, pH, 
sulfate, and TDS.  The prediction limits for the interwell tests were updated with additional data 
collected from the background wells.  Prediction limits were recalculated using a one-of-two 
retesting procedure.  The prediction limits calculated during detection monitoring were used for 
the intrawell tests.  During the most recent sampling event, boron and sulfate results exceeded 
background levels. 

Based on this evaluation, either the Flint Creek LF CCR unit will remain in assessment monitoring 
or an ASD will be conducted to evaluate if the unit can return to detection monitoring. 
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Table 1 - Groundwater Data Summary
Flint Creek - Landfill

Geosyntec Consultants

B-1B B-2 B-4 B-5 B-6 B-7A B-9 B-10 B-11 B-12 B-13
3/12/2019 3/12/2019 3/12/2019 3/12/2019 3/12/2019 3/11/2019 3/12/2019 3/12/2019 3/12/2019 3/11/2019 3/12/2019

Antimony µg/L 0.500 U 0.500 U 0.500 U 0.200 J 0.500 U 0.500 U 0.500 U 0.100 J 0.500 U 0.500 U 0.500 U
Arsenic µg/L 0.400 J 0.400 J 0.500 U 0.620 0.610 3.15 0.850 0.670 0.900 0.300 J 0.620
Barium µg/L 112 63.9 34.3 80.5 48.3 74.8 175 79.1 119 51.6 55.4

Beryllium µg/L 0.500 U 0.100 J 0.200 J 0.638 0.500 U 0.500 U 0.500 U 0.500 U 0.622 0.500 U 0.200 J
Boron mg/L 0.0200 J 0.634 0.0360 0.0100 J 0.0370 0.0200 J 0.0100 J 0.0280 0.409 0.0200 J 0.0200 J

Cadmium µg/L 0.200 U 0.0600 J 0.100 J 0.560 0.200 U 0.0500 J 0.200 U 0.0500 J 0.100 J 0.200 U 0.0800 J
Calcium mg/L 93.1 34.5 3.37 16.2 41.9 99.6 97.3 72.4 11.6 58.0 13.5
Chloride mg/L 2.31 5.88 4.58 8.30 8.16 3.43 3.68 9.68 4.03 11.0 1.92

Chromium µg/L 1.00 U 2.83 1.26 2.89 2.32 1.95 0.600 J 0.900 J 1.95 1.09 1.76
Cobalt µg/L 0.200 U 0.200 J 0.200 U 0.477 0.597 0.351 0.200 J 0.299 0.372 3.35 1.08

Combined Radium pCi/L 3.92 1.93 0.295 0.969 0.571 1.96 0.629 0.860 0.451 0.777 0.882
Fluoride mg/L 0.410 0.100 J 0.0200 J 0.0700 J 0.200 U 0.240 0.100 J 0.100 J 0.0400 J 0.0600 J 0.0200 J

Lead µg/L 1.25 0.200 J 0.500 U 0.833 0.748 0.200 J 0.200 J 0.300 J 0.935 0.500 J 1.51
Lithium mg/L 0.0264 0.00188 0.00123 0.00274 0.000900 J 0.0200 0.00528 0.00167 0.00221 0.000800 J 0.00115
Mercury mg/L 0.0000250 U 0.0000250 U 0.0000250 U 0.0000280 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U

Molybdenum µg/L 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U
Selenium µg/L 1.00 U 14.3 0.600 J 39.2 2.20 1.00 U 1.00 U 0.300 J 3.50 0.300 J 0.800 J

Total Dissolved Solids mg/L 228 376 68.0 372 100 336 278 226 104 254 82.0
Sulfate mg/L 17.5 129 12.1 205 17.1 30.7 34.3 21.4 44.9 5.00 21.3

Thallium µg/L 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U 2.00 U
pH SU 7.63 6.92 7.47 5.31 6.93 7.46 8.11 8.35 5.79 8.52 7.05

Notes:
µg/L: micrograms per liter
mg/L: milligrams per liter 
pCi/L: picocuries per liter 
SU: standard unit
U: Non-detect value. For statistical analysis, parameters which were not detected were replaced with the reporting limit.
J: Estimated value. Parameter was detected in concentrations below the reporting limit.

UnitParameter
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Table 2: Groundwater Protection Standards
Flint Creek Plant - Landfill

Geosyntec Consultants, Inc.

Constituent Name MCL CCR Rule-Specified Background Limit

Antimony, Total (mg/L) 0.006 0.0045
Arsenic, Total (mg/L) 0.01 0.008
Barium, Total (mg/L) 2 0.13

Beryllium, Total (mg/L) 0.004 0.001
Cadmium, Total (mg/L) 0.005 0.001
Chromium, Total (mg/L) 0.1 0.0083

Cobalt, Total (mg/L) n/a 0.006 0.0029
Combined Radium, Total (pCi/L) 5 7.81

Fluoride, Total (mg/L) 4 1
Lead, Total (mg/L) n/a 0.015 0.015

Lithium, Total (mg/L) n/a 0.04 0.041
Mercury, Total (mg/L) 0.002 0.000096

Molybdenum, Total (mg/L) n/a 0.1 0.01
Selenium, Total (mg/L) 0.05 0.039
Thallium, Total (mg/L) 0.002 0.002

Notes:
Grey cell indicates calculated UTL is higher than MCL.
MCL = Maximum Contaminant Level
RSL = Regional Screening Level
Calculated UTL (Upper Tolerance Limit) represents site-specific background values.
The higher of the calculated UTL or MCL/Rule-Specified Level is used as the GWPS.



Table 3: Appendix III Data Summary
Flint Creek Plant - Landfill

Geosyntec Consultants, Inc.

B-1B B-2 B-5 B-6 B-7A B-9 B-10 B-11
3/12/2019 3/12/2019 3/12/2019 3/12/2019 3/11/2019 3/12/2019 3/12/2019 3/12/2019

Interwell Background Value (UPL)
Detection Monitoring Result 0.0200 0.634 0.0100 0.0370 0.0200 0.0100 0.0280 0.409

Intrawell Background Value (UPL) 97.6 99.2 19.6 63.5 111 126 116 19.5
Detection Monitoring Result 93.1 34.5 16.2 41.9 99.6 97.3 72.4 11.6

Intrawell Background Value (UPL) 5.79 7.93 12.3 9.10 6.02 8.34 10.1 7.83
Detection Monitoring Result 2.31 5.88 8.30 8.16 3.43 3.68 9.68 4.03

Intrawell Background Value (UPL) 0.651 1.00 1.00 0.200 1.00 1.00 1.00 1.00
Detection Monitoring Result 0.410 0.100 0.0700 0.0400 0.240 0.100 0.100 0.0400

Intrawell Background Value (UPL) 8.5 7.3 7.3 7.5 7.9 8.4 8.8 7.1
Intrawell Background Value (LPL) 5.8 5.0 4.0 6.0 6.4 6.0 5.6 4.8

Detection Monitoring Result 7.6 6.9 5.3 6.9 7.5 8.1 8.4 5.8
Intrawell Background Value (UPL) 27.0 776 251 43.9 37.5 27.9 40.2 69.8

Detection Monitoring Result 17.5 129 205 17.1 30.7 34.3 21.4 44.9
Intrawell Background Value (UPL) 319 1522 461 280 339 283 316 207

Detection Monitoring Result 228 376 372 100 336 278 226 104
Notes:
UPL: Upper prediction limit
LPL: Lower prediction limit
Bold values exceed the background value.
Background values are shaded gray.

Boron mg/L
0.0588

Calcium mg/L

Parameter Units Description

Chloride mg/L

pH SU

Fluoride mg/L

Sulfate mg/L

Total Dissolved Solids mg/L
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Statistical Analysis Output 
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July 10, 2019 
 
 
Geosyntec Consultants 
Attn: Ms. Allison Kreinberg 
941 Chatham Lane, #103 
Columbus, OH 43221 
 
Re:  Flint Creek Landfill 
 Assessment Monitoring Event – Spring 2019 
 
Groundwater Stats Consulting, formerly the statistical consulting division of Sanitas 
Technologies, is pleased to provide the statistical analysis of the groundwater data for the 
Spring 2019 sample event for American Electric Power Inc.’s Flint Creek Landfill. The 
analysis complies with the federal rule for the Disposal of Coal Combustion Residuals from 
Electric Utilities (CCR Rule, 2015) as well as with the USEPA Unified Guidance (2009).   
 
Sampling began at the site for the CCR program in 2016. The monitoring well network, as 
provided by Geosyntec Consultants, consists of the following:  
 

o Upgradient wells: B-1B, B-4, B-5, B-7A, B-12, and B-13; and 
o Downgradient wells: B-2, B-6, B-9, B-10, and B-11. 

 
Data were sent electronically, and the statistical analysis was conducted according to the 
Statistical Analysis Plan and screening evaluation prepared by GSC and approved by Dr. 
Kirk Cameron, PhD Statistician with MacStat Consulting, primary author of the USEPA 
Unified Guidance, and Senior Advisor to GSC. The statistical analysis was reviewed by Dr. 
Jim Loftis, professor emeritus of Civil and Environmental Engineering at Colorado State 
University and Senior Advisor to Groundwater Stats Consulting. 
 
 
 
 

GROUNDWATER STATS 
CONSULTING 
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The CCR program consists of the following constituents:  
 

o Appendix III (Detection Monitoring) - boron, calcium, chloride, fluoride, 
pH, sulfate, and TDS; 

o Appendix IV (Assessment Monitoring) – antimony, arsenic, barium, 
beryllium, cadmium, chromium, cobalt, combined radium 226 + 228, 
fluoride, lead, lithium, mercury, molybdenum, selenium, and thallium.   

 
Time series plots for Appendix III and IV parameters are provided for all wells and 
constituents; and are used to evaluate concentrations over the entire record (Figure A).  
Values previously flagged during the screening as outliers may be seen in a lighter font 
and disconnected symbol on the time series graphs. A summary of flagged values follows 
this letter (Figure B). 
 
Evaluation of Appendix III Parameters 
 
Interwell prediction limits combined with a 1-of-2 verification strategy were constructed 
for boron; and intrawell prediction limits combined with a 1-of-2 verification strategy 
were constructed for calcium, chloride, fluoride, pH, sulfate and TDS (Figure C & D, 
respectively). The statistical method selected for each parameter was determined based 
on the results of the evaluation performed in December 2017; and all proposed 
background data were screened for outliers and trends at that time. The findings of 
those reports were submitted with that analysis.   
 
Interwell prediction limits utilize all upgradient well data for construction of statistical 
limits.  During each sample event, upgradient well data are screened for any newly 
suspected outliers or obvious trending patterns using time series plots. All values 
flagged as outliers may be seen on the Outlier Summary report following this letter. No 
obvious trending patterns were observed in the upgradient wells. 
  
Intrawell prediction limits utilize the background data set that was originally screened in 
2017. As recommended in the EPA Unified Guidance (2009), the background data set 
will be tested for the purpose of updating statistical limits using the Mann-Whitney two-
sample test when an additional four to eight measurements are available.   
 
In the event of an initial exceedance of compliance well data, the 1-of-2 resample plan 
allows for collection of one additional sample to determine whether the initial exceedance 
is confirmed. When the resample confirms the initial exceedance, a statistically significant 
increase (SSI) is identified, and further research would be required to identify the cause of 
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the exceedance (i.e. impact from the site, natural variation, or an off-site source).  If the 
resample falls within the statistical limit, the initial exceedance is considered a false 
positive result, and, therefore, no further action is necessary.  Prediction limit exceedances 
were noted for boron in downgradient wells B-2 and B-11; pH, which exceeded its upper 
limit in upgradient well B-12; and sulfate in downgradient well B-9. The results of those 
findings may be found in the Prediction Limit Summary tables following this letter.  
 
When a statistically significant increase is identified, the data are further evaluated using 
the Sen’s Slope/Mann Kendall trend test to determine whether concentrations are 
statistically increasing, decreasing, or stable (Figure E). Upgradient wells are included in 
the trend analyses to identify whether similar patterns exist upgradient of the site which 
is an indication of natural variability in groundwater unrelated to practices at the site. 
  
No statistically significant trends were noted in downgradient wells except for statistically 
significant increasing trends for boron in well B-11 and sulfate in well B-9.   A statistically 
significant increasing trend was identified for pH in upgradient well B-4; and statistically 
significant decreasing trends were noted for sulfate in upgradient wells B-12 and B-1B. A 
Trend Test summary table follows this letter. 
 
Evaluation of Appendix IV Parameters 
 
Parametric tolerance limits were used to calculate background limits from all available 
pooled upgradient well data for Appendix IV parameters with a target of 95% confidence 
and 95% coverage to determine the Alternate Contaminant Level (ACL) (Figure F).  
Background data are screened for outliers and extreme trending patterns that would lead 
to artificially elevated statistical limits. Any flagged values may be seen on the Outlier 
Summary following this letter. The confidence and coverage levels for nonparametric 
tolerance limits are dependent upon the number of background samples. These limits 
were compared to the Maximum Contaminant Levels (MCLs) and CCR-Rule specified 
levels in the Groundwater Protection Standard (GWPS) table following this letter to 
determine the highest limit for use as the GWPS in the Confidence Interval comparisons 
(Figure G).  
 
Confidence intervals were then constructed on downgradient wells for each of the 
Appendix IV parameters using the highest limit of the MCL, CCR-Rule specified level, or 
ACL as discussed above (Figure H). Only when the entire confidence interval is above a 
GWPS is the well/constituent pair considered to exceed its respective standard. No 
confidence intervals exceedances were found. A summary of the confidence interval 
results follows this letter. 
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Thank you for the opportunity to assist you in the statistical analysis of groundwater 
quality for the Flint Creek Landfill. If you have any questions or comments, please feel free 
to contact me. 
 
For Groundwater Stats Consulting, 

 
Kristina L. Rayner 
Groundwater Statistician 
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Outlier Summary
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:11 PM

9/14/2016

11/8/2016

B-11 Arsenic, total (mg/L)  

B-12 Cobalt, total (mg/L)  

B-11 Cobalt, total (mg/L)  

B-11 Mercury, total (mg/L)  

0.032 (o)

0.023 (o)

0.025 (o) 9.7E-05 (o)



Constituent Well Upper Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Boron, total (mg/L) B-11 0.0588 3/12/2019 0.409 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-2 0.0588 3/12/2019 0.634 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Interwell Prediction Limit Summary - Significant Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:48 PM



Constituent Well Upper Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Boron, total (mg/L) B-10 0.0588 3/12/2019 0.028 No 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-11 0.0588 3/12/2019 0.409 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-2 0.0588 3/12/2019 0.634 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-6 0.0588 3/12/2019 0.037 No 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-9 0.0588 3/12/2019 0.01 No 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Interwell Prediction Limit Summary - All Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:48 PM
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Non-parametric test used in lieu of parametric prediction limit because the Shapiro Francia normality test showed the  
data to be non-normal at the 0.01 alpha level.  Limit is highest of 78 background values.  Annual per-constituent alpha  
= 0.003165.  Individual comparison alpha = 0.000317 (1 of 2).  Comparing 5 points to limit.

Exceeds Limit:  B-11, B-2



Constituent Well Upper Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Boron, total (mg/L) B-11 0.0588 3/12/2019 0.409 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-2 0.0588 3/12/2019 0.634 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Interwell Prediction Limit Summary - Significant Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:48 PM



Constituent Well Upper Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Boron, total (mg/L) B-11 0.0588 3/12/2019 0.409 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Boron, total (mg/L) B-2 0.0588 3/12/2019 0.634 Yes 78 n/a n/a 0 n/a n/a 0.000317 NP Inter (normality) 1 of 2

Interwell Prediction Limit Summary - Significant Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:48 PM



Constituent Well Upper Lim. Lower Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

pH, field (SU) B-12 8.375 5.459 3/11/2019 8.52 Yes 10 6.917 0.5883 0 None No 0.000752 Param 1 of 2

Sulfate, total (mg/L) B-9 27.92 n/a 3/12/2019 34.3 Yes 10 19.4 3.438 0 None No 0.001504 Param 1 of 2

Intrawell Prediction Limit Summary - Significant Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:55 PM



Constituent Well Upper Lim. Lower Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Calcium, total (mg/L) B-12 74.96 n/a 3/11/2019 58 No 10 64.6 4.182 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-13 26.8 n/a 3/12/2019 13.5 No 10 13.01 5.562 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-1B 97.61 n/a 3/12/2019 93.1 No 10 88.86 3.531 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-4 36.88 n/a 3/12/2019 3.37 No 10 15.94 8.45 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-5 19.55 n/a 3/12/2019 16.2 No 10 17.36 0.8834 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-7A 110.8 n/a 3/11/2019 99.6 No 10 101.1 3.919 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-10 116 n/a 3/12/2019 72.4 No 10 n/a n/a 0 n/a n/a 0.01476 NP (normality) 1 of 2

Calcium, total (mg/L) B-11 19.47 n/a 3/12/2019 11.6 No 10 13.83 2.276 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-2 99.24 n/a 3/12/2019 34.5 No 10 42.67 22.83 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-6 63.49 n/a 3/12/2019 41.9 No 10 47.72 6.364 0 None No 0.001504 Param 1 of 2

Calcium, total (mg/L) B-9 125.8 n/a 3/12/2019 97.3 No 10 95.5 12.22 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-12 13.01 n/a 3/11/2019 11 No 10 10.2 1.135 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-13 5.728 n/a 3/12/2019 1.92 No 10 3.9 0.7379 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-1B 5.794 n/a 3/12/2019 2.31 No 10 3.4 0.9661 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-4 10.39 n/a 3/12/2019 4.58 No 10 2.93 0.1179 0 None sqrt(x) 0.001504 Param 1 of 2

Chloride, total (mg/L) B-5 12.25 n/a 3/12/2019 8.3 No 10 2.722 0.3136 0 None sqrt(x) 0.001504 Param 1 of 2

Chloride, total (mg/L) B-7A 6.023 n/a 3/11/2019 3.43 No 10 4 0.8165 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-10 10.08 n/a 3/12/2019 9.68 No 10 7.8 0.9189 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-11 7.827 n/a 3/12/2019 4.03 No 10 5.1 1.101 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-2 7.928 n/a 3/12/2019 5.88 No 10 6.1 0.7379 0 None No 0.001504 Param 1 of 2

Chloride, total (mg/L) B-6 9.099 n/a 3/12/2019 8.16 No 10 53.9 11.66 0 None x^2 0.001504 Param 1 of 2

Chloride, total (mg/L) B-9 8.336 n/a 3/12/2019 3.68 No 10 6 0.9428 0 None No 0.001504 Param 1 of 2

Fluoride, total (mg/L) B-12 1 n/a 3/11/2019 0.06 No 10 n/a n/a 90 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-13 1 n/a 3/12/2019 0.02 No 10 n/a n/a 90 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-1B 0.6512 n/a 3/12/2019 0.41 No 10 -0.7395 0.1253 40 Kaplan-Meier ln(x) 0.001504 Param 1 of 2

Fluoride, total (mg/L) B-4 1 n/a 3/12/2019 0.02 No 10 n/a n/a 100 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-5 1 n/a 3/12/2019 0.07 No 10 n/a n/a 90 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-7A 1 n/a 3/11/2019 0.24 No 10 n/a n/a 80 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-10 1 n/a 3/12/2019 0.1 No 10 n/a n/a 80 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-11 1 n/a 3/12/2019 0.04 No 10 n/a n/a 100 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-2 1 n/a 3/12/2019 0.1 No 10 n/a n/a 90 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-6 0.2 n/a 3/12/2019 0.2ND No 10 n/a n/a 100 n/a n/a 0.01476 NP  (NDs) 1 of 2

Fluoride, total (mg/L) B-9 1 n/a 3/12/2019 0.1 No 10 n/a n/a 70 n/a n/a 0.01476 NP  (NDs) 1 of 2

pH, field (SU) B-12 8.375 5.459 3/11/2019 8.52 Yes 10 6.917 0.5883 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-13 7.081 4.027 3/12/2019 7.05 No 10 5.554 0.6162 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-1B 8.477 5.845 3/12/2019 7.63 No 10 7.161 0.531 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-4 7.732 6.018 3/12/2019 7.47 No 10 6.875 0.3458 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-5 7.263 3.967 3/12/2019 5.31 No 10 5.615 0.6649 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-7A 7.854 6.43 3/11/2019 7.46 No 10 7.142 0.2873 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-10 8.753 5.623 3/12/2019 8.35 No 10 7.188 0.6317 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-11 7.099 4.789 3/12/2019 5.79 No 10 5.944 0.4661 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-2 7.316 4.998 3/12/2019 6.92 No 10 6.157 0.4676 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-6 7.465 6.045 3/12/2019 6.93 No 10 6.755 0.2864 0 None No 0.000752 Param 1 of 2

pH, field (SU) B-9 8.377 5.953 3/12/2019 8.11 No 10 7.165 0.4893 0 None No 0.000752 Param 1 of 2

Sulfate, total (mg/L) B-12 20.23 n/a 3/11/2019 5 No 10 12.3 3.199 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-13 42.14 n/a 3/12/2019 21.3 No 10 20.2 8.854 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-1B 27.02 n/a 3/12/2019 17.5 No 10 22.9 1.663 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-4 17.28 n/a 3/12/2019 12.1 No 10 9.6 3.098 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-5 250.7 n/a 3/12/2019 205 No 10 201.1 20.02 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-7A 37.54 n/a 3/11/2019 30.7 No 10 33.2 1.751 0 None No 0.001504 Param 1 of 2

Intrawell Prediction Limit Summary - All Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:55 PM



Constituent Well Upper Lim. Lower Lim. Date Observ. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Page 2

Sulfate, total (mg/L) B-10 40.23 n/a 3/12/2019 21.4 No 10 31.4 3.565 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-11 69.81 n/a 3/12/2019 44.9 No 10 41.5 11.42 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-2 775.5 n/a 3/12/2019 129 No 10 279.2 200.3 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-6 43.86 n/a 3/12/2019 17.1 No 10 28.4 6.24 0 None No 0.001504 Param 1 of 2

Sulfate, total (mg/L) B-9 27.92 n/a 3/12/2019 34.3 Yes 10 19.4 3.438 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-12 327.1 n/a 3/11/2019 254 No 10 259.7 27.22 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-13 132.8 n/a 3/12/2019 82 No 10 76 22.92 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-1B 318.6 n/a 3/12/2019 228 No 10 276.9 16.84 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-4 131 n/a 3/12/2019 68 No 10 83.1 19.32 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-5 460.8 n/a 3/12/2019 372 No 10 402.1 23.67 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-7A 338.8 n/a 3/11/2019 336 No 10 311.6 10.99 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-10 316.3 n/a 3/12/2019 226 No 10 276.8 15.94 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-11 207.3 n/a 3/12/2019 104 No 10 140.4 26.99 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-2 1522 n/a 3/12/2019 376 No 10 594 374.5 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-6 279.5 n/a 3/12/2019 100 No 10 216.6 25.39 0 None No 0.001504 Param 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-9 282.5 n/a 3/12/2019 278 No 10 231.7 20.49 0 None No 0.001504 Param 1 of 2

Intrawell Prediction Limit Summary - All Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 2:55 PM
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Background Data Summary: Mean=64.6, Std. Dev.=4.182, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9039, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Background Data Summary: Mean=13.01, Std. Dev.=5.562, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8998, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Calcium, total    Analysis Run 7/8/2019 2:49 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=88.86, Std. Dev.=3.531, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9117, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Background Data Summary: Mean=15.94, Std. Dev.=8.45, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.901, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=17.36, Std. Dev.=0.8834, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9735, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Background Data Summary: Mean=101.1, Std. Dev.=3.919, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9599, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Non-parametric test used in lieu of parametric prediction limit because the Shapiro Wilk normality test showed the data  
to be non-normal at the 0.01 alpha level.  Limit is highest of 10 background values.  Well-constituent pair annual alpha  
= 0.0293.  Individual comparison alpha = 0.01476 (1 of 2).
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Background Data Summary: Mean=13.83, Std. Dev.=2.276, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9752, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=42.67, Std. Dev.=22.83, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.874, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=47.72, Std. Dev.=6.364, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9592, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=95.5, Std. Dev.=12.22, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8682, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=10.2, Std. Dev.=1.135, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8485, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=3.9, Std. Dev.=0.7379, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8328, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=3.4, Std. Dev.=0.9661, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9044, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Background Data Summary (based on square root transformation): Mean=2.93, Std. Dev.=0.1179, n=10.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.7811, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.
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Background Data Summary (based on square root transformation): Mean=2.722, Std. Dev.=0.3136, n=10.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.8057, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.

Within Limit
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Background Data Summary: Mean=4, Std. Dev.=0.8165, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8319, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=7.8, Std. Dev.=0.9189, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8854, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=5.1, Std. Dev.=1.101, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8095, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary: Mean=6.1, Std. Dev.=0.7379, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8328, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Background Data Summary (based on square transformation): Mean=53.9, Std. Dev.=11.66, n=10.    Normality test:  
Shapiro Wilk @alpha = 0.01, calculated = 0.7823, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha =  
0.05132).  Report alpha = 0.001504.

Within Limit
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Background Data Summary: Mean=6, Std. Dev.=0.9428, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8411, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  90% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  90% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Background Data Summary (based on natural log transformation) (after Kaplan-Meier Adjustment): Mean=-0.7395,  
Std. Dev.=0.1253, n=10, 40% NDs.    Normality test: Shapiro Wilk @alpha = 0.01, calculated = 0.7858, critical = 0.781.     
Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha = 0.001504.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  All background  
values (n = 10) were censored; limit is most recent reporting limit.  Well-constituent pair annual alpha = 0.0293.   
Individual comparison alpha = 0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  90% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  80% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  80% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  All background  
values (n = 10) were censored; limit is most recent reporting limit.  Well-constituent pair annual alpha = 0.0293.   
Individual comparison alpha = 0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  90% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  All background  
values (n = 10) were censored; limit is most recent reporting limit.  Well-constituent pair annual alpha = 0.0293.   
Individual comparison alpha = 0.01476 (1 of 2).
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 10 background values.  70% NDs.  Well-constituent pair annual alpha = 0.0293.  Individual comparison alpha =  
0.01476 (1 of 2).
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Background Data Summary: Mean=6.917, Std. Dev.=0.5883, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8897, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Exceeds Limits

0

1.6

3.2

4.8

6.4

8

5/23/16 12/13/16 7/6/17 1/26/18 8/19/18 3/12/19

B-13 background

B-13 compliance

Limit = 7.081

Limit = 4.027

Prediction Limit

Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=5.554, Std. Dev.=0.6162, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9108, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Background Data Summary: Mean=7.161, Std. Dev.=0.531, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.99, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Background Data Summary: Mean=6.875, Std. Dev.=0.3458, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9532, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.
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Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=5.615, Std. Dev.=0.6649, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8497, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Limit = 6.43
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Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=7.142, Std. Dev.=0.2873, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.965, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=7.188, Std. Dev.=0.6317, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8898, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Limit = 7.099

Limit = 4.789

Prediction Limit

Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=5.944, Std. Dev.=0.4661, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9193, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Limit = 4.998
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Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=6.157, Std. Dev.=0.4676, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9305, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Limit = 6.045

Prediction Limit

Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=6.755, Std. Dev.=0.2864, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9556, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Prediction Limit

Intrawell Parametric

Constituent: pH, field    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=7.165, Std. Dev.=0.4893, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9696, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limits
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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g

/L

Background Data Summary: Mean=12.3, Std. Dev.=3.199, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.899, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

m
g
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Background Data Summary: Mean=20.2, Std. Dev.=8.854, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9424, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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B-1B background
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=22.9, Std. Dev.=1.663, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9481, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=9.6, Std. Dev.=3.098, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.942, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=201.1, Std. Dev.=20.02, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9535, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=33.2, Std. Dev.=1.751, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8373, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

m
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Background Data Summary: Mean=31.4, Std. Dev.=3.565, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9166, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=41.5, Std. Dev.=11.42, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8809, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=279.2, Std. Dev.=200.3, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8139, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Limit = 43.86
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

Background Data Summary: Mean=28.4, Std. Dev.=6.24, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9303, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Sulfate, total    Analysis Run 7/8/2019 2:50 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=19.4, Std. Dev.=3.438, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9235, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Exceeds Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=259.7, Std. Dev.=27.22, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9794, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=76, Std. Dev.=22.92, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9574, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=276.9, Std. Dev.=16.84, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8873, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Intrawell Parametric

Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=83.1, Std. Dev.=19.32, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.882, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit

0

100

200

300

400

500

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/12/19

B-5 background

B-5 compliance

Limit = 460.8

Prediction Limit

Intrawell Parametric

Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=402.1, Std. Dev.=23.67, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8645, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=311.6, Std. Dev.=10.99, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9654, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=276.8, Std. Dev.=15.94, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9418, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=140.4, Std. Dev.=26.99, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9264, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=594, Std. Dev.=374.5, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.814, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.18 Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=216.6, Std. Dev.=25.39, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9389, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 7/8/2019 2:51 PM    View: PLs - Intrawell

Flint LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=231.7, Std. Dev.=20.49, n=10.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9497, critical = 0.781.    Kappa = 2.478 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.

Within Limit



Constituent Well Slope Calc. Critical Sig. N %NDs Normality Xform Alpha Method

Boron, total (mg/L) B-11 0.08416 44 43 Yes 13 0 n/a n/a 0.01 NP

pH, field (SU) B-4 (bg) 0.3533 52 43 Yes 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-12 (bg) -4.887 -61 -43 Yes 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-1B (bg) -2.804 -46 -43 Yes 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-9 7.365 55 43 Yes 13 0 n/a n/a 0.01 NP

Trend Test Summary Table - Significant Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:02 PM



Constituent Well Slope Calc. Critical Sig. N %NDs Normality Xform Alpha Method

Boron, total (mg/L) B-12 (bg) 0 11 43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-13 (bg) 0 7 43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-1B (bg) 0 6 43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-4 (bg) 0.00153 14 43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-5 (bg) 0.001833 15 43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-7A (bg) 0 -18 -43 No 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-11 0.08416 44 43 Yes 13 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-2 -0.2566 -35 -43 No 13 0 n/a n/a 0.01 NP

pH, field (SU) B-12 (bg) -0.2207 -4 -43 No 13 0 n/a n/a 0.01 NP

pH, field (SU) B-13 (bg) 0.03545 2 43 No 13 0 n/a n/a 0.01 NP

pH, field (SU) B-1B (bg) -0.1414 -7 -43 No 13 0 n/a n/a 0.01 NP

pH, field (SU) B-4 (bg) 0.3533 52 43 Yes 13 0 n/a n/a 0.01 NP

pH, field (SU) B-5 (bg) -0.1788 -10 -43 No 13 0 n/a n/a 0.01 NP

pH, field (SU) B-7A (bg) 0.06024 2 43 No 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-12 (bg) -4.887 -61 -43 Yes 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-13 (bg) 1.55 17 43 No 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-1B (bg) -2.804 -46 -43 Yes 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-4 (bg) 0 3 43 No 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-5 (bg) 8.328 21 43 No 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-7A (bg) 0.9966 22 43 No 13 0 n/a n/a 0.01 NP

Sulfate, total (mg/L) B-9 7.365 55 43 Yes 13 0 n/a n/a 0.01 NP

Trend Test Summary Table - All Results
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:02 PM
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Constituent Well Upper Lim. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Antimony, total (mg/L) n/a 0.00452 78 n/a n/a 78.21 n/a n/a 0.0183 NP Inter(NDs)

Arsenic, total (mg/L) n/a 0.008 78 n/a n/a 66.67 n/a n/a 0.0183 NP Inter(normality)

Barium, total (mg/L) n/a 0.131 78 n/a n/a 0 n/a n/a 0.0183 NP Inter(normality)

Beryllium, total (mg/L) n/a 0.001 78 n/a n/a 32.05 n/a n/a 0.0183 NP Inter(normality)

Cadmium, total (mg/L) n/a 0.001 78 n/a n/a 66.67 n/a n/a 0.0183 NP Inter(normality)

Chromium, total (mg/L) n/a 0.008261 78 -6.684 0.9602 10.26 None ln(x) 0.05 Inter

Cobalt, total (mg/L) n/a 0.002944 77 0.0914 0.02638 3.896 None x^(1/3) 0.05 Inter

Combined Radium 226 + 228 (pCi/L) n/a 7.81 72 1.237 0.3773 1.389 None x^(1/3) 0.05 Inter

Fluoride, total (mg/L) n/a 1 78 n/a n/a 75.64 n/a n/a 0.0183 NP Inter(NDs)

Lead, total (mg/L) n/a 0.015 78 n/a n/a 55.13 n/a n/a 0.0183 NP Inter(normality)

Lithium, total (mg/L) n/a 0.041 78 n/a n/a 2.564 n/a n/a 0.0183 NP Inter(normality)

Mercury, total (mg/L) n/a 0.000096 78 n/a n/a 53.85 n/a n/a 0.0183 NP Inter(normality)

Molybdenum, total (mg/L) n/a 0.01 78 n/a n/a 64.1 n/a n/a 0.0183 NP Inter(normality)

Selenium, total (mg/L) n/a 0.0392 78 n/a n/a 67.95 n/a n/a 0.0183 NP Inter(normality)

Thallium, total (mg/L) n/a 0.002 78 n/a n/a 83.33 n/a n/a 0.0183 NP Inter(NDs)

Tolerance Limit Summary Table
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:07 PM



Constituent Well Upper Lim. Lower Lim. Compliance Lower Compl. Sig. N %NDs Transform Alpha Method

Antimony, total (mg/L) B-10 0.0005 0.0001 0.006 n/a No 13 84.62 No 0.01 NP (NDs)

Antimony, total (mg/L) B-11 0.00489 0.00001 0.006 n/a No 13 84.62 No 0.01 NP (NDs)

Antimony, total (mg/L) B-2 0.001816 0.00002 0.006 n/a No 13 46.15 No 0.01 NP (Cohens/xfrm)

Antimony, total (mg/L) B-6 0.00145 0.00001 0.006 n/a No 13 84.62 No 0.01 NP (NDs)

Antimony, total (mg/L) B-9 0.001391 0.00011 0.006 n/a No 13 84.62 No 0.01 NP (NDs)

Arsenic, total (mg/L) B-10 0.006 0.0015 0.01 n/a No 13 61.54 No 0.01 NP (normality)

Arsenic, total (mg/L) B-11 0.007 0.0009 0.01 n/a No 12 58.33 No 0.01 NP (normality)

Arsenic, total (mg/L) B-2 0.008 0.00067 0.01 n/a No 13 30.77 No 0.01 NP (Cohens/xfrm)

Arsenic, total (mg/L) B-6 0.005 0.00061 0.01 n/a No 13 46.15 No 0.01 NP (normality)

Arsenic, total (mg/L) B-9 0.005 0.00111 0.01 n/a No 13 61.54 No 0.01 NP (normality)

Barium, total (mg/L) B-10 0.102 0.0748 2 n/a No 13 0 No 0.01 NP (normality)

Barium, total (mg/L) B-11 0.187 0.097 2 n/a No 13 0 No 0.01 NP (normality)

Barium, total (mg/L) B-2 0.226 0.0622 2 n/a No 13 0 No 0.01 NP (normality)

Barium, total (mg/L) B-6 0.07066 0.05093 2 n/a No 13 0 No 0.01 Param.

Barium, total (mg/L) B-9 0.1565 0.1359 2 n/a No 13 0 ln(x) 0.01 Param.

Beryllium, total (mg/L) B-10 0.0005 0.0000284 0.004 n/a No 13 61.54 No 0.01 NP (normality)

Beryllium, total (mg/L) B-11 0.001157 0.0002637 0.004 n/a No 13 0 ln(x) 0.01 Param.

Beryllium, total (mg/L) B-2 0.000548 0.0001131 0.004 n/a No 13 0 ln(x) 0.01 Param.

Beryllium, total (mg/L) B-6 0.0005 0.000033 0.004 n/a No 13 15.38 No 0.01 NP (Cohens/xfrm)

Beryllium, total (mg/L) B-9 0.0005 0.00003 0.004 n/a No 13 46.15 No 0.01 NP (normality)

Cadmium, total (mg/L) B-10 0.0004131 0.00005 0.005 n/a No 13 76.92 No 0.01 NP (NDs)

Cadmium, total (mg/L) B-11 0.00121 0.0001868 0.005 n/a No 13 0 x^(1/3) 0.01 Param.

Cadmium, total (mg/L) B-2 0.000348 0.00006 0.005 n/a No 13 53.85 No 0.01 NP (Cohens/xfrm)

Cadmium, total (mg/L) B-6 0.0002682 0.0001167 0.005 n/a No 13 61.54 No 0.01 NP (normality)

Cadmium, total (mg/L) B-9 0.0002 0.00006 0.005 n/a No 13 92.31 No 0.01 NP (NDs)

Chromium, total (mg/L) B-10 0.016 0.00039 0.1 n/a No 13 0 No 0.01 NP (normality)

Chromium, total (mg/L) B-11 0.01299 0.001744 0.1 n/a No 13 0 ln(x) 0.01 Param.

Chromium, total (mg/L) B-2 0.026 0.00215 0.1 n/a No 13 0 No 0.01 NP (normality)

Chromium, total (mg/L) B-6 0.005905 0.002674 0.1 n/a No 13 0 sqrt(x) 0.01 Param.

Chromium, total (mg/L) B-9 0.003174 0.001647 0.1 n/a No 13 0 No 0.01 Param.

Cobalt, total (mg/L) B-10 0.001452 0.0005007 0.006 n/a No 13 0 ln(x) 0.01 Param.

Cobalt, total (mg/L) B-11 0.002662 0.0003617 0.006 n/a No 12 0 sqrt(x) 0.01 Param.

Cobalt, total (mg/L) B-2 0.004551 0.0005169 0.006 n/a No 13 0 ln(x) 0.01 Param.

Cobalt, total (mg/L) B-6 0.002578 0.000791 0.006 n/a No 13 0 No 0.01 Param.

Cobalt, total (mg/L) B-9 0.001481 0.0006023 0.006 n/a No 13 0 No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-10 1.561 0.6251 7.81 n/a No 12 0 No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-11 3.524 0.7191 7.81 n/a No 12 0 ln(x) 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-2 2.736 1.385 7.81 n/a No 12 0 sqrt(x) 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-6 7.58 0.571 7.81 n/a No 12 0 No 0.01 NP (normality)

Combined Radium 226 + 228 (pCi/L) B-9 2.915 0.5473 7.81 n/a No 12 0 x^(1/3) 0.01 Param.

Fluoride, total (mg/L) B-10 0.2319 0.1 4 n/a No 13 76.92 No 0.01 NP (NDs)

Fluoride, total (mg/L) B-11 0.2 0.04 4 n/a No 13 92.31 No 0.01 NP (NDs)

Fluoride, total (mg/L) B-2 0.3361 0.1 4 n/a No 13 84.62 No 0.01 NP (NDs)

Fluoride, total (mg/L) B-6 0.2 0.2 4 n/a No 13 100 No 0.01 NP (NDs)

Fluoride, total (mg/L) B-9 0.31 0.1884 4 n/a No 13 69.23 No 0.01 NP (normality)

Lead, total (mg/L) B-10 0.005 0.0003 0.015 n/a No 13 61.54 No 0.01 NP (normality)

Lead, total (mg/L) B-11 0.009 0.00083 0.015 n/a No 13 30.77 No 0.01 NP (Cohens/xfrm)

Lead, total (mg/L) B-2 0.013 0.000332 0.015 n/a No 13 23.08 No 0.01 NP (Cohens/xfrm)

Lead, total (mg/L) B-6 0.002822 0.0007021 0.015 n/a No 13 7.692 sqrt(x) 0.01 Param.

Lead, total (mg/L) B-9 0.005 0.000693 0.015 n/a No 13 61.54 No 0.01 NP (normality)

Lithium, total (mg/L) B-10 0.005861 0.002209 0.041 n/a No 13 0 ln(x) 0.01 Param.

Lithium, total (mg/L) B-11 0.02 0.00221 0.041 n/a No 13 0 No 0.01 NP (normality)

Lithium, total (mg/L) B-2 0.01156 0.002384 0.041 n/a No 13 0 x^(1/3) 0.01 Param.

Lithium, total (mg/L) B-6 0.00416 0.001123 0.041 n/a No 13 0 ln(x) 0.01 Param.

Lithium, total (mg/L) B-9 0.009 0.00241 0.041 n/a No 13 0 No 0.01 NP (normality)

Confidence Interval Summary Table - All Results (No Significant)
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:09 PM



Constituent Well Upper Lim. Lower Lim. Compliance Lower Compl. Sig. N %NDs Transform Alpha Method
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Mercury, total (mg/L) B-10 0.000025 0.00001543 0.002 n/a No 13 69.23 No 0.01 NP (normality)

Mercury, total (mg/L) B-11 0.000025 0.00002458 0.002 n/a No 12 83.33 No 0.01 NP (NDs)

Mercury, total (mg/L) B-2 0.000027 0.00000946 0.002 n/a No 13 53.85 No 0.01 NP (normality)

Mercury, total (mg/L) B-6 0.000025 0.000007 0.002 n/a No 13 30.77 No 0.01 NP (Cohens/xfrm)

Mercury, total (mg/L) B-9 0.000025 0.00001407 0.002 n/a No 13 76.92 No 0.01 NP (NDs)

Molybdenum, total (mg/L) B-10 0.00352 0.00078 0.1 n/a No 13 15.38 No 0.01 NP (normality)

Molybdenum, total (mg/L) B-11 0.01 0.0003621 0.1 n/a No 13 61.54 No 0.01 NP (normality)

Molybdenum, total (mg/L) B-2 0.006 0.0004781 0.1 n/a No 13 15.38 No 0.01 NP (Cohens/xfrm)

Molybdenum, total (mg/L) B-6 0.01 0.00043 0.1 n/a No 13 30.77 No 0.01 NP (normality)

Molybdenum, total (mg/L) B-9 0.01 0.0008719 0.1 n/a No 13 84.62 No 0.01 NP (NDs)

Selenium, total (mg/L) B-10 0.001 0.0003 0.05 n/a No 13 84.62 No 0.01 NP (NDs)

Selenium, total (mg/L) B-11 0.002803 0.0006577 0.05 n/a No 13 30.77 No 0.01 Param.

Selenium, total (mg/L) B-2 0.03926 0.01157 0.05 n/a No 13 0 sqrt(x) 0.01 Param.

Selenium, total (mg/L) B-6 0.003036 0.001366 0.05 n/a No 13 7.692 No 0.01 Param.

Selenium, total (mg/L) B-9 0.001 0.0008 0.05 n/a No 13 92.31 No 0.01 NP (NDs)

Thallium, total (mg/L) B-10 0.002 0.00136 0.002 n/a No 13 84.62 No 0.01 NP (NDs)

Thallium, total (mg/L) B-11 0.002 0.001001 0.002 n/a No 13 84.62 No 0.01 NP (NDs)

Thallium, total (mg/L) B-2 0.002 0.00088 0.002 n/a No 13 76.92 No 0.01 NP (NDs)

Thallium, total (mg/L) B-6 0.002 0.00116 0.002 n/a No 13 76.92 No 0.01 NP (NDs)

Thallium, total (mg/L) B-9 0.002 0.001044 0.002 n/a No 13 76.92 No 0.01 NP (NDs)

Confidence Interval Summary Table - All Results (No Significant)
Flint LF     Client: Geosyntec     Data: Flint Creek LF     Printed 7/8/2019, 3:09 PM
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SECTION 1 

EXECUTIVE SUMMARY 

In accordance with the United States Environmental Protection Agency’s (USEPA’s) regulations 
regarding the disposal of coal combustion residuals (CCR) in landfills and surface impoundments 
(40 CFR 257.90-257.98, “CCR rule”), groundwater monitoring has been conducted at the Landfill 
(LF), an existing CCR unit at the Flint Creek Power Plant located in Gentry, Arkansas. 

Based on detection monitoring conducted in 2017 and 2018, statistically significant increases 
(SSIs) over background were concluded for boron at the LF.  An alternative source was not 
identified at the time, so the LF has been in assessment monitoring since.  During the most recent 
assessment monitoring event, completed in March 2019, no SSLs were identified during these 
events, and the unit remained in assessment monitoring. Two assessment monitoring events were 
conducted at the LF in June 2019 and August 2019, in accordance with 40 CFR 257.95.  The 
results of these assessment events are documented in this report.  

Groundwater data underwent several validation tests, including those for completeness, sample 
tracking accuracy, transcription errors, and consistent use of measurement units.  No data quality 
issues were identified which would impact the usability of the data. 

The monitoring data were submitted to Groundwater Stats Consulting, LLC for statistical analysis.  
Groundwater protection standards (GWPSs) were re-established for the Appendix IV parameters.  
Confidence intervals were calculated for Appendix IV parameters at the compliance wells to assess 
whether Appendix IV parameters were present at a statistically significant level (SSL) above the 
GWPS.  No SSLs were identified.  Prediction limits were calculated for Appendix III parameters. 
When compared to the revised prediction limits, concentrations for boron, pH, sulfate, and TDS 
remained above background.  Thus, either the unit will remain in assessment monitoring or an 
alternative source demonstration (ASD) will be conducted to evaluate if the unit can return to 
detection monitoring.  Certification of the selected statistical methods by a qualified professional 
engineer is documented in Attachment A. 
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SECTION 2 

LANDFILL EVALUATION 

2.1 Data Validation & QA/QC 

During the assessment monitoring program, two sets of samples were collected for analysis from 
each upgradient and downgradient well to meet the requirements of 40 CFR 257.95(b) (June 2019) 
and 257.95(d)(1) (August 2019).  Samples from both sampling events were analyzed for the 
Appendix III and Appendix IV parameters.  A summary of data collected during these assessment 
monitoring events may be found in Table 1. 

Chemical analysis was completed by an analytical laboratory certified by the National 
Environmental Laboratory Accreditation Program (NELAP).  Quality assurance and quality 
control (QA/QC) samples completed by the analytical laboratory included the use of laboratory 
reagent blanks (LRBs), continuing calibration verification (CCV) samples, and laboratory fortified 
blanks (LFBs). 

The analytical data were imported into a Microsoft Access database, where checks were completed 
to assess the accuracy of sample location identification and analyte identification.  Where 
necessary, unit conversions were applied to standardize reported units across all sampling events.  
Exported data files were created for use with the Sanitas™ v.9.6.23 statistics software.  The export 
file was checked against the analytical data for transcription errors and completeness.  No QA/QC 
issues were noted which would impact data usability. 

2.2 Statistical Analysis  

Statistical analyses for the LF were conducted in accordance with the January 2017 Statistical 
Analysis Plan (AEP, 2017), except where noted below.  Time series plots and results for all 
completed statistical tests are provided in Attachment B. 

The data obtained in June and August 2019 were screened for potential outliers. Outliers were 
identified for lithium in the June 2019 data, including non-detect values where the reporting limit 
of 0.100 mg/L was used.  This value represents a significant increase from previous reporting 
limits for lithium.  

2.2.1 Establishment of GWPSs 

A GWPS was established for each Appendix IV parameter in accordance with 40 CFR 257.95(h) 
and the Statistical Analysis Plan (AEP, 2017).  The established GWPS was determined to be the 
greater value of the background concentration and the maximum contaminant level (MCL) or risk-
based level specified in 40 CFR 257.95(h)(2) for each Appendix IV parameter.  To determine 
background concentrations, an upper tolerance limit (UTL) was calculated using pooled data from 
the background wells collected during the background monitoring and assessment monitoring 
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events.  Generally, tolerance limits were calculated parametrically with 95% coverage and 95% 
confidence.  Non-parametric tolerance limits were calculated for antimony, arsenic, barium, 
beryllium, cadmium, fluoride, lead, lithium, mercury, molybdenum, and selenium due to apparent 
non-normal distributions and for thallium due to a high non-detect frequency.  Tolerance limits 
and the final GWPSs are summarized in Table 2. 

2.2.2 Evaluation of Potential Appendix IV SSLs 

A confidence interval was constructed for each Appendix IV parameter at each compliance well.  
Confidence limits were generally calculated parametrically (α = 0.01); however, non-parametric 
confidence limits were calculated in some cases (e.g., when the data did not appear to be normally 
distributed or when the non-detect frequency was too high).  An SSL was concluded if the lower 
confidence limit (LCL) exceeded the GWPS (i.e., if the entire confidence interval exceeded the 
GWPS).  Calculated confidence limits are shown in Attachment B. 

No SSLs were identified at the Flint Creek LF.  

2.2.3 Establishment of Appendix III Prediction Limits 

Upper prediction limits (UPLs) were previously established for all Appendix III parameters 
following the background monitoring period (Geosyntec, 2018). Intrawell tests were used to 
evaluate potential SSIs for calcium, chloride, fluoride, pH, sulfate, and total dissolved solids 
(TDS), whereas an interwell test was used to evaluate potential SSIs for boron. While interwell 
prediction limits have been updated periodically during the assessment monitoring period as 
sufficient data became available, this represents the first update to the background dataset for 
parameters evaluated using intrawell tests.  

Mann-Whitney (Wilcoxon rank-sum) tests were performed to determine whether the newer data 
are affected by a release from the LF.  Because the interwell Appendix III limits and the Appendix 
IV GWPSs are based on data from upgradient wells which we would not expect to have been 
impacted by a release, these tests were used for intrawell Appendix III tests only.  Mann-Whitney 
tests were used to compare the medians of historical data (May 2016-June 2017) to the new 
compliance samples (August 2017-March 2019) for calcium, chloride, fluoride, pH, sulfate, and 
TDS.  Results were evaluated to determine if the medians of the two groups were similar at the 
99% confidence level.  Where no significant difference was found, the new compliance data were 
added to the background dataset.  Where a statistically significant difference was found between 
the medians of the two groups, the data were reviewed to evaluate the cause of the difference and 
to determine if adding newer data to the background dataset, replacing the background dataset with 
the newer data, or continuing to use the existing background dataset was most appropriate.  If the 
differences appeared to have been caused by a release, then the previous background dataset 
continued to be used. 

The complete Mann-Whitney test results and a summary of the significant findings can be found 
in Appendix B.  Significant differences were found between the two groups for calcium at B-10, 
sulfate at B-9 and B-10, and TDS at B-6 and B-10.  However, when the entire records were 
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evaluated using the time series graphs, more recent concentrations appeared only slightly different 
from historical measurements. For this reason, combined with the limited data available at this 
time, all background data sets were updated through March 2019.  

After the revised background set was established, a parametric or non-parametric analysis was 
selected based on the distribution of the data and the frequency of non-detect data.  Estimated 
results less than the practical quantitation limit (PQL) – i.e., “J-flagged” data – were considered 
detections and the estimated results were used in the statistical analyses.  Non-parametric analyses 
were selected for datasets with at least 50% non-detect data or datasets that could not be 
normalized.  Parametric analyses were selected for datasets (either transformed or untransformed) 
that passed the Shapiro-Wilk / Shapiro-Francía test for normality.  The Kaplan-Meier non-detect 
adjustment was applied to datasets with between 15% and 50% non-detect data.  For datasets with 
fewer than 15% non-detect data, non-detect data were replaced with one half of the PQL.  The 
selected analysis (i.e., parametric or non-parametric) and transformation (where applicable) for 
each background dataset are shown in Attachment B. 

UPLs were updated using all the historical data through March 2019 to represent background 
values.  LPLs were also updated for pH.  The updated prediction limits are summarized in Table 
3.  Intrawell tests continued to be used to evaluate potential SSIs for calcium, chloride, fluoride, 
pH, sulfate, and TDS, whereas an interwell test continued to be used to evaluate potential SSIs for 
boron. The UPLs were calculated for a one-of-two retesting procedure; i.e., if at least one sample 
in a series of two does not exceed the UPL, then it can be concluded that an SSI has not occurred.  
In practice, where the initial result did not exceed the UPL, a second sample was not collected.  
The retesting procedures allowed achieving an acceptably high statistical power to detect changes 
at downgradient wells for constituents evaluated using intrawell prediction limits. 

2.2.4 Evaluation of Potential Appendix III SSIs 

The CCR rule allows CCR units to move from assessment monitoring to detection monitoring if 
all Appendix III and Appendix IV parameters were at or below background levels for two 
consecutive sampling events [40 CFR 257.95(e)].  Since no Appendix IV SSLs were identified, 
Appendix III results were analyzed to assess whether concentrations of Appendix III parameters 
at the compliance wells exceeded background concentrations. 

Data collected during the June 2019 and August 2019 assessment monitoring events from each 
compliance well were compared to the prediction limits to evaluate results above background 
values.  The results from this event and the prediction limits are summarized in Table 4.  The 
following exceedances of the UPLs were noted: 

 Boron concentrations exceeded the interwell UPL of 0.059 mg/L at B-11 (0.548 mg/L and 
0.605 mg/L) and B-2 (6.97 mg/L and 0.735 mg/L). While boron was not detected at B-5, 
B-6, B-7, B-9, or B-10 during the June 2019 event, the reporting limit of 0.100 mg/L was 
above the interwell UPL.  
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 The pH measurement exceeded the intrawell UPL of 7.9 SU at B-7 (8.3 SU). 

 The sulfate concentration exceeded the intrawell UPL of 243 mg/L at B-5 (271 mg/L). 

 TDS concentrations exceeded the intrawell UPL of 339 mg/L at B-7 (378 mg/L) and the 
intrawell UPL of 293 mg/L at B-9 (310 mg/L). 

Based on these results, concentrations of Appendix III parameters exceeded background levels at 
compliance wells at the Flint Creek LF during assessment monitoring.  As a result, the Flint Creek 
LF CCR unit will remain in assessment monitoring. 

2.3 Conclusions 

A semi-annual assessment monitoring event was conducted in accordance with the CCR Rule.  
The laboratory and field data were reviewed prior to statistical analysis, with no QA/QC issues 
identified that impacted data usability.  A review of outliers identified outliers for lithium in the 
June 2019 data.  GWPSs were re-established for the Appendix IV parameters.  A confidence 
interval was constructed at each compliance well for each Appendix IV parameter; SSLs were 
concluded if the entire confidence interval exceeded the GWPS.  No SSLs were identified. 

Revised prediction limits were calculated for Appendix III parameters. Intrawell tests continued 
to be used to evaluate potential SSIs for calcium, chloride, fluoride, pH, sulfate, and total dissolved 
solids (TDS), whereas an interwell test continued to be used to evaluate potential SSIs for boron.   
Prediction limits were recalculated using a one-of-two retesting procedure.  The Appendix III 
results were evaluated to assess whether concentrations of Appendix III parameters exceeded 
background levels.  Boron, pH, sulfate, and TDS results exceeded background levels. 

Based on this evaluation, either the Flint Creek LF CCR unit will remain in assessment monitoring 
or an ASD will be conducted to evaluate if the unit can return to detection monitoring. 
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Table 1 - Groundwater Data Summary
Flint Creek - Landfill

Geosyntec Consultants, Inc.

6/10/2019 8/27/2019 6/11/2019 8/27/2019 6/11/2019 8/28/2019 6/11/2019 8/28/2019 6/10/2019 8/27/2019 6/10/2019 8/27/2019
Antimony µg/L 0.0300 J 0.110 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.0800 J 0.0500 J 0.0600 J 0.150
Arsenic µg/L 0.620 0.570 0.180 0.220 0.0600 J 0.0600 J 0.670 0.440 0.510 0.360 2.35 2.93
Barium µg/L 112 114 38.5 41.3 31.2 31.1 26.0 33.7 49.8 48.6 42.9 49.0

Beryllium µg/L 0.0200 J 0.100 U 0.208 0.149 0.215 0.204 0.376 0.487 0.0800 J 0.0400 J 0.100 U 0.100 U
Boron mg/L 0.0500 J 0.0500 U 0.697 0.735 0.0700 J 0.0560 0.100 U 0.0500 U 0.0500 J 0.0300 J 0.100 U 0.0500 U

Cadmium µg/L 0.0200 J 0.0600 0.0400 J 0.0300 J 0.0500 J 0.0400 J 0.180 0.180 0.0800 J 0.0400 J 0.0200 J 0.0300 J
Calcium mg/L 92.4 86.5 14.2 15.4 3.50 2.92 17.9 15.9 49.7 44.8 105 102
Chloride mg/L 2.31 2.00 4.16 3.00 3.74 3.00 7.02 6.00 7.78 6.00 3.12 2.00

Chromium µg/L 0.368 0.278 1.57 1.75 1.03 1.11 3.00 2.40 2.18 1.96 0.200 U 0.200 J
Cobalt µg/L 0.0510 0.0500 J 0.0690 0.105 0.0400 J 0.0840 0.349 0.331 0.537 0.387 0.0740 0.134

Combined Radium pCi/L 5.96 4.73 0.959 0.888 0.680 1.05 1.27 0.717 0.810 0.347 2.56 1.85
Fluoride mg/L 0.490 0.275 J 0.0600 J 1.00 U 0.0200 J 1.00 U 0.0800 1.00 U 0.0300 J 1.00 U 0.240 0.144 J

Lead µg/L 0.530 0.395 0.200 U 0.0800 J 0.200 U 0.200 U 0.203 0.100 J 0.697 0.509 0.100 J 0.100 J
Lithium mg/L 0.100 U 0.0231 0.100 U 0.00128 0.100 U 0.000925 0.100 U 0.00215 0.100 U 0.000518 0.100 U 0.0164
Mercury mg/L 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U 0.00000700 J 0.00000600 J 0.0000250 U 0.0000250 U 0.0000250 U 0.0000250 U

Molybdenum µg/L 0.800 J 1.00 J 0.400 J 0.500 J 2.00 U 2.00 U 2.00 U 2.00 U 4.00 U 2.00 U 0.500 J 0.600 J
Selenium µg/L 0.200 U 0.200 U 6.70 6.80 0.700 0.800 39.0 37.5 2.40 2.40 0.200 U 0.0400 J

Total Dissolved Solids mg/L 266 312 246 230 60.0 66.0 438 402 188 250 312 378
Sulfate mg/L 20.7 20.0 80.9 65.0 13.4 11.0 271 219 21.7 36.0 35.4 36.0

Thallium µg/L 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 1.00 U 0.500 U 0.500 U 0.500 U
pH SU 6.58 7.42 6.36 5.94 7.48 5.96 5.69 5.00 6.78 6.60 7.09 8.30

Notes:
µg/L: micrograms per liter
mg/L: milligrams per liter
pCi/L: picocuries per liter
SU: standard unit
U: Parameter was not present in concentrations above the method detection limit and is reported as the reporting limit
J: Estimated value. Parameter was detected in concentrations below the reporting limit

B-4B-2B-1B
UnitComponent

B-7AB-6B-5



Table 1 - Groundwater Data Summary
Flint Creek - Landfill

Geosyntec Consultants, Inc.

Antimony µg/L
Arsenic µg/L
Barium µg/L

Beryllium µg/L
Boron mg/L

Cadmium µg/L
Calcium mg/L
Chloride mg/L

Chromium µg/L
Cobalt µg/L

Combined Radium pCi/L
Fluoride mg/L

Lead µg/L
Lithium mg/L
Mercury mg/L

Molybdenum µg/L
Selenium µg/L

Total Dissolved Solids mg/L
Sulfate mg/L

Thallium µg/L
pH SU

UnitComponent
6/11/2019 8/27/2019 6/10/2019 8/27/2019 6/10/2019 8/27/2019 6/10/2019 8/27/2019 6/10/2019 8/28/2019
0.500 U 0.0900 J 0.200 J 0.110 0.200 U 0.100 U 0.100 J 0.240 0.100 U 0.100 U
0.900 1.67 0.300 J 0.460 0.360 0.550 0.290 1.20 0.0700 J 0.170
166 188 78.3 79.1 111 131 54.2 60.8 55.1 47.1

0.500 U 0.0200 J 0.500 U 0.100 U 0.316 0.317 0.200 U 0.150 0.0500 J 0.151
0.100 U 0.0500 U 0.100 U 0.0500 U 0.548 0.605 0.0400 J 0.0500 U 0.100 U 0.0500 U
0.200 U 0.0800 0.200 U 0.0200 J 0.0800 J 0.100 0.0300 J 0.0800 0.0400 J 0.0500 J

99.7 128 80.4 70.8 17.0 15.4 60.9 59.6 19.7 10.2
3.69 3.00 9.24 7.00 3.73 3.00 10.6 8.00 3.05 1.00
1.11 1.61 0.300 J 0.385 0.884 1.36 0.585 2.04 0.379 0.818

0.200 J 0.827 0.200 U 0.128 0.162 0.256 2.49 11.2 0.0300 J 0.272
0.157 1.26 1.13 1.34 1.12 0.455 0.513 1.11 0.461 0.862
0.130 1.00 U 0.110 1.00 U 0.0400 J 1.00 U 0.0600 J 1.00 U 0.0200 J 1.00 U
1.00 U 0.509 1.00 U 0.0500 J 0.200 J 0.416 0.300 2.65 0.200 U 0.221

0.100 U 0.00409 0.100 U 0.00169 0.0300 J 0.00130 0.100 U 0.00176 0.100 U 0.000814
0.0000250 U 0.0000250 U 0.0000250 U 0.0000160 J 0.0000250 U 0.0000250 U 0.0000250 U 0.00000600 J 0.0000250 U 0.0000250 U

36.1 0.400 J 10.0 J 1.00 J 4.00 U 2.00 U 4.00 U 0.400 J 2.00 U 2.00 U
0.400 J 0.500 0.500 J 0.400 3.10 4.10 0.200 J 1.40 0.500 0.400

248 310 260 268 82.0 138 244 252 98.0 64.0
37.6 37.0 26.1 26.0 54.7 59.0 7.00 9.00 20.7 18.0

2.00 U 0.500 U 2.00 U 0.500 U 1.00 U 0.500 U 1.00 U 0.500 U 0.500 U 0.500 U
7.71 7.18 7.35 7.31 5.92 5.76 7.18 6.88 6.94 5.41

Notes:
µg/L: micrograms per liter
mg/L: milligrams per liter
pCi/L: picocuries per liter
SU: standard unit
U: Parameter was not present in concentrations above the method detection limit and is reported as the reporting limit
J: Estimated value. Parameter was detected in concentrations below the reporting limit

B-13B-12B-11B-10B-9



Table 2: Groundwater Protection Standards
Flint Creek Plant - Landfill

Geosyntec Consultants, Inc.

Constituent Name MCL CCR Rule-Specified Calculated UTL
Antimony, Total (mg/L) 0.006 0.005
Arsenic, Total (mg/L) 0.01 0.008
Barium, Total (mg/L) 2 0.13

Beryllium, Total (mg/L) 0.004 0.001
Cadmium, Total (mg/L) 0.005 0.001
Chromium, Total (mg/L) 0.1 0.0051

Cobalt, Total (mg/L) n/a 0.006 0.0052
Combined Radium, Total (pCi/L) 5 9.42

Fluoride, Total (mg/L) 4 1
Lead, Total (mg/L) n/a 0.015 0.005

Lithium, Total (mg/L) n/a 0.04 0.05
Mercury, Total (mg/L) 0.002 0.000096

Molybdenum, Total (mg/L) n/a 0.1 0.01
Selenium, Total (mg/L) 0.05 0.039
Thallium, Total (mg/L) 0.002 0.002

Notes:
Grey cell indicates calculated UTL is higher than MCL or CCR Rule-specified value.
MCL = Maximum Contaminant Level
Calculated UTL (Upper Tolerance Limit) represents site-specific background values.
The higher of the calculated UTL or MCL/Rule-Specified Level is used as the GWPS.



Table 3: Revised Prediction Limits
Flint Creek - Landfill

Geosyntec Consultants, Inc.

Parameter Unit Description B-10 B-11 B-1B B-2 B-5 B-6 B-7 B-9
Boron mg/L Interwell Background Value (UPL)

Calcium mg/L Intrawell Background Value (UPL) 112 18.3 96.7 88.0 19.2 61.5 109 137

Chloride mg/L Intrawell Background Value (UPL) 11.5 7.73 5.84 9.83 11.6 12.2 6.87 8.31

Fluoride mg/L Intrawell Background Value (UPL) 1.00 1.00 0.707 1.00 1.00 1.00 1.00 1.00

Intrawell Background Value (UPL) 8.8 7.0 8.4 7.3 6.8 7.4 7.9 8.5

Intrawell Background Value (LPL) 5.9 4.8 6.2 5.2 4.3 6.1 6.5 6.2

Sulfate mg/L Intrawell Background Value (UPL) 39.4 65.7 28.1 803 243 42.3 37.1 37.6

Total Dissolved Solids mg/L Intrawell Background Value (UPL) 315 193 317 1409 447 292 339 293

Notes:
UPL: Upper prediction limit
LPL: Lower prediction limit

pH SU

0.0588



Table 4: Appendix III Data Summary
Flint Creek - Landfill

Geosyntec Consultants, Inc.

6/10/2019 8/27/2019 6/10/2019 8/27/2019 6/10/2019 8/27/2019 6/11/2019 8/27/2019 6/11/2019 8/28/2019 6/10/2019 8/27/2019 6/10/2019 8/27/2019 6/11/2019 8/27/2019

Interwell Background Value (UPL)
Detection Monitoring Result 0.100 0.0200 0.548 0.605 0.0500 0.0200 0.697 0.735 0.100 0.0200 0.0500 0.0300 0.100 0.0200 0.100 0.0200

Intrawell Background Value (UPL)
Detection Monitoring Result 80.4 70.8 17.0 15.4 92.4 86.5 14.2 15.4 17.9 15.9 49.7 44.8 105 102 99.7 128

Intrawell Background Value (UPL)
Detection Monitoring Result 9.24 7.00 3.73 3.00 2.31 2.00 4.16 3.00 7.02 6.00 7.78 6.00 3.12 2.00 3.69 3.00

Intrawell Background Value (UPL)
Detection Monitoring Result 0.110 0.0830 0.0400 0.0830 0.490 0.275 0.0600 0.0830 0.0800 0.0380 0.0300 0.0830 0.240 0.144 0.130 0.0830

Intrawell Background Value (UPL)
Intrawell Background Value (LPL)

Detection Monitoring Result 7.4 7.3 5.9 5.8 6.6 7.4 6.4 5.9 5.7 5.0 6.8 6.6 7.1 8.3 7.7 7.2

Intrawell Background Value (UPL)
Detection Monitoring Result 26.1 26.0 54.7 59.0 20.7 20.0 80.9 65.0 271 219 21.7 36.0 35.4 36.0 37.6 37.0

Intrawell Background Value (UPL)
Detection Monitoring Result 260 268 82.0 138 266 312 246 230 438 402 188 250 312 378 248 310

Notes:
UPL: Upper prediction limit
LPL: Lower prediction limit
Bold values exceed the background value.
Background values are shaded gray.

mg/LTotal Dissolved Solids

B-10

Boron

Calcium

0.0588

1.00 1.00

B-1B

8.4
6.2

B-2

7.3
5.2

8.5
6.2

Description

Chloride

Fluoride

pH

Sulfate

Parameter Unit

mg/L

mg/L

mg/L

mg/L

SU

mg/L

8.8
5.9

B-9B-7

1.00

7.9
6.5

6.87 8.31

109 137

11.5 7.73 5.84 9.83

1.00 0.707 1.00 1.00

7.0
4.8

B-11 B-6

7.4
6.1

B-5

1.00

6.8
4.3

11.6 12.2

61.5112 18.3 96.7 88.0 19.2

42.3 37.1 37.6

315 193 317 1409 447 292 339 293

39.4 65.7 28.1 803 243
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December 24, 2019 
 
 
Geosyntec Consultants 
Attn: Ms. Allison Kreinberg 
941 Chatham Lane, #103 
Columbus, OH 43221 
 
Re:  Flint Creek Landfill - Assessment Monitoring & Background Update 2019 
 
Groundwater Stats Consulting, formerly the statistical consulting division of Sanitas 
Technologies, is pleased to provide statistical analysis and background update of 2019 
groundwater data for American Electric Power Inc.’s Flint Creek Landfill. The analysis 
complies with the federal rule for the Disposal of Coal Combustion Residuals from Electric 
Utilities (CCR Rule, 2015) as well as with the USEPA Unified Guidance (2009).   
 
Sampling began at the site for the CCR program in 2016. The monitoring well network, as 
provided by Geosyntec Consultants, consists of the following:  
 

o Upgradient wells: B-1B, B-4, B-5, B-7A, B-12, and B-13; and 
o Downgradient wells: B-2, B-6, B-9, B-10, and B-11. 

 
Data were sent electronically, and the report was reviewed by Dr. Kirk Cameron, PhD 
Statistician with MacStat Consulting, primary author of the USEPA Unified Guidance, and 
Senior Advisor to GSC.  The statistical analysis was conducted according to the Statistical 
Analysis Plan and screening evaluation prepared by GSC and approved by Dr. Cameron. 
 
The CCR program consists of the following constituents:  
 

o Appendix III (Detection Monitoring) - boron, calcium, chloride, fluoride, 
pH, sulfate, and TDS; 

GROUNDWATER STATS 
CONSULTING 
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o Appendix IV (Assessment Monitoring) – antimony, arsenic, barium, 
beryllium, cadmium, chromium, cobalt, combined radium 226 + 228, 
fluoride, lead, lithium, mercury, molybdenum, selenium, and thallium.   

 
Time series plots for Appendix III and IV parameters are provided for all wells and are 
used to evaluate concentrations over time as well as for the purpose of updating statistical 
limits (Figure A). Additionally, box plots are included for all constituents at upgradient and 
downgradient wells (Figure B). Values in background which have been flagged as outliers 
may be seen in a lighter font and as a disconnected symbol on the graph. A summary of 
these values follows this letter (Figure C). The time series plots are used to initially screen 
for suspected outliers and trends, while the box plots provide visual representation of 
variation within individual wells and between all wells.   
 
During the background screening conducted in December 2017 data at all wells were 
evaluated for the following: 1) outliers; 2) trends; 3) most appropriate statistical method 
for Appendix III parameters based on site characteristics of groundwater data upgradient 
of the facility; and 4) eligibility of downgradient wells when intrawell statistical methods 
are recommended.  Power curves were provided to demonstrate that the selected 
statistical methods for Appendix III parameters comply with the USEPA Unified Guidance 
recommendations as discussed below. 
 
Summary of Statistical Method: 
 

1) Intrawell prediction limits, combined with a 1-of-2 resample plan for calcium, 
chloride, fluoride, pH, sulfate and TDS; 

2) Interwell prediction limits, combined with a 1-of-2 resample plan for boron. 

Parametric prediction limits are utilized when the screened historical data follow a normal 
or transformed-normal distribution. When data cannot be normalized or the majority of 
data are nondetects, a nonparametric test is utilized. While the false positive rate 
associated with the parametric limits is based on an annual 10% as recommended by the 
EPA Unified Guidance (2009), the false positive rate associated with the nonparametric 
limits is dependent upon the available background sample size, number of future 
comparisons, and verification resample plan. The distribution of data is tested using the 
Shapiro-Wilk/Shapiro-Francia test for normality. After testing for normality and 
performing any adjustments as discussed below (US EPA, 2009), data are analyzed using 
either parametric or non-parametric prediction limits. 

 No statistical analyses are required on wells and analytes containing 100% 
nondetects (USEPA Unified Guidance, 2009, Chapter 6). 
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 When data contain <15% nondetects in background, simple substitution of one-
half the reporting limit is utilized in the statistical analysis.  The reporting limit 
utilized for nondetects is the practical quantification limit (PQL) as reported by the 
laboratory. 

 When data contain between 15-50% nondetects, the Kaplan-Meier nondetect 
adjustment is applied to the background data. This technique adjusts the mean 
and standard deviation of the historical concentrations to account for 
concentrations below the reporting limit. 

 Nonparametric prediction limits are used on data containing greater than 50% 
nondetects. 

Summary of Background Screening Conducted in November 2017 
 
Outlier Evaluation 
 
Time series plots were used to identify suspected outliers, or extreme values that would 
result in limits that are not conservative from a regulatory perspective, in proposed 
background data.  Suspected outliers at all wells for Appendix III and Appendix IV 
parameters were formally tested using Tukey’s box plot method and, when identified, 
flagged in the computer database with “o” and deselected prior to construction of 
statistical limits.  
 
Tukey’s outlier test noted a few outliers as may be seen on the Outlier Summary Table 
and accompanying graphs. Any values flagged as outliers are plotted in a lighter font on 
the time series graph. A substitution of the most recent reporting limit was applied when 
varying detection limits existed in data. 
 
No true seasonal patterns were observed on the time series plots for any of the detected 
data; therefore, no deseasonalizing adjustments were made to the data. When seasonal 
patterns are observed, data may be deseasonalized so that the resulting limits will 
correctly account for the seasonality as a predictable pattern rather than random variation 
or a release.  
 
While trends may be visual, a quantification of the trend and its significance is needed.  
The Sen’s Slope/Mann Kendall trend test was used to evaluate all data at each well to 
identify statistically significant increasing or decreasing trends. In the absence of 
suspected contamination, significant trending data are typically not included as part of 
the background data used for construction of prediction limits.  This step serves to 
eliminate the trend and, thus, reduce variation in background. When statistically 
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significant decreasing trends are present, earlier data are evaluated to determine whether 
earlier concentration levels are significantly different than current reported concentrations 
and will be deselected as necessary. When the historical records of data are truncated for 
the reasons above, a summary report will be provided to show the date ranges used in 
construction of the statistical limits.  
 
The results of the trend analyses showed several statistically significant decreasing trends 
and one increasing trend for calcium in an upgradient well, as may be seen on the Trend 
Test Summary Table that accompanies the trend tests. These trends were relatively low in 
magnitude when compared to average concentrations; therefore, no adjustments were 
made to the data sets.    
 
Appendix III – Determination of Spatial Variation 
 
The Analysis of Variance (ANOVA) was used to statistically evaluate differences in average 
concentrations among upgradient wells, which assists in identifying the most appropriate 
statistical approach.  Interwell tests, which compare downgradient well data to statistical 
limits constructed from pooled upgradient well data, are appropriate when average 
concentrations are similar across upgradient wells. Intrawell tests, which compare 
compliance data from a single well to screened historical data within the same well, are 
appropriate when upgradient wells exhibit spatial variation; when statistical limits 
constructed from upgradient wells would not be conservative from a regulatory 
perspective; and when downgradient water quality is unimpacted compared to 
upgradient water quality for the same parameter.  
 
The ANOVA identified variation for all Appendix III parameters; therefore, these data were 
further evaluated as described for the appropriateness of intrawell testing to 
accommodate the groundwater quality. A summary table of the ANOVA results was 
included with the reports. 
 
Appendix III - Statistical Limits 
 
Intrawell limits constructed from carefully screened background data from within each 
well serve to provide statistical limits that are conservative (i.e. lower) from a regulatory 
perspective, and that will rapidly identify a change in more recent compliance data from 
within a given well.  When natural variability is present, interwell prediction limits which 
pool upgradient well data to construct a single limit for each constituent are not 
recommended for comparison of all downgradient wells.  Intrawell prediction limits which 
use historical data from within a given well to construct limits for the same well are, 
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however, recommended because they remove the element of variation across wells and 
eliminate the chance of mistaking natural spatial variation for a release from the facility. 
Prior to performing intrawell prediction limits, several steps are required to reasonably 
demonstrate downgradient water quality does not have existing impacts from the 
practices of the facility. 
 
Exploratory data analysis was used as a general comparison of concentrations in 
downgradient wells for all Appendix III parameters recommended for intrawell analyses 
to concentrations reported in upgradient wells.  Upper tolerance limits are used in 
conjunction with confidence intervals to determine whether the estimated averages in 
downgradient wells are higher than observed levels upgradient of the facility. The upper 
tolerance limits were constructed to represent the extreme upper range of possible 
background levels at the site.  
 
In cases where downgradient average concentrations are higher than observed 
concentrations upgradient for a given constituent, an independent study and 
hydrogeological investigation would be required to identify local geochemical conditions 
and expected groundwater quality for the region to justify an intrawell approach.  Such 
an assessment is beyond the scope of services provided by Groundwater Stats Consulting. 
When there is not an obvious explanation for observed concentration differences in 
downgradient wells relative to reported concentrations in upgradient wells, interwell 
prediction limits will initially be selected for the statistical method until further evidence 
shows that concentrations are due to natural variation rather than a result of the facility. 
 
Parametric tolerance limits were constructed with a target of 99% confidence and 95% 
coverage using pooled upgradient well data for each of the Appendix III parameters.  The 
confidence and coverage levels for nonparametric tolerance limits are dependent upon 
the number of background samples. As more data are collected, the background 
population is better represented and the confidence and coverage levels increase. 
 
Confidence intervals were constructed on downgradient wells for each of the Appendix III 
parameters, using the tolerance limits discussed above, to determine intrawell eligibility.  
When the entire confidence interval is above a background standard for a given 
parameter, interwell methods are initially recommended as the statistical method. 
Therefore, only parameters with confidence intervals which did not exceed background 
standards are eligible for intrawell prediction limits. 
 
Confidence intervals for the above parameters were found to be within their respective 
background limit for all Appendix III parameters with the exception of boron. Therefore, 
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intrawell methods are recommended for calcium, chloride, fluoride, pH, sulfate and TDS; 
and interwell methods are recommended initially for boron.  As mentioned earlier, if a 
demonstration supports natural variation in groundwater, intrawell methods will be 
considered for all parameters. 
 
All available data through June 2017 at each well were used to establish intrawell 
background limits based on a 1-of-2 resample plan that will be used for future 
comparisons. Interwell prediction limits, combined with a 1-of-2 resample plan, were 
constructed from upgradient wells for boron.  Downgradient measurements are 
compared to these background limits during each subsequent semi-annual sampling 
event.  
 
Natural systems continuously evolve due to physical changes made to the environment. 
Examples include capping a landfill, paving areas near a well, or lining a drainage channel 
to prevent erosion. Periodic updating of background statistical limits will be necessary to 
accommodate these types of changes  In the interwell case, newer data will be included 
in background during each event after careful screening for any new outliers or changes 
in concentrations. In the intrawell case, data for all wells and constituents are re-evaluated 
when a minimum of 4 new data points are available to determine whether earlier 
concentrations are representative of present-day groundwater quality.  In some cases, the 
earlier portion of data are deselected prior to construction of limits in order to provide 
sensitive limits that will rapidly detect changes in groundwater quality. Even though the 
data are excluded from the calculation, the values will continue to be reported and shown 
in tables and graphs. 
 
In the event of an initial exceedance of compliance well data, the 1-of-2 resample plan 
allows for collection of an additional sample to determine whether the initial exceedance 
is confirmed. When the resample confirms the initial exceedance, a statistically significant 
increase (SSI) is identified and further research would be required to identify the cause of 
the exceedance (i.e. impact from the site, natural variation, or an off-site source). If the 
resample falls within the statistical limit, the initial exceedance is considered to be a false 
positive result and, therefore, no further action is necessary.   
 
Appendix III Background Update – November 2019 
 
Prior to updating background data, samples are re-evaluated for all wells for parameters 
tested with intrawell analyses (calcium, chloride, fluoride, pH, sulfate and TDS), and for 
combined upgradient well data for parameters tested with interwell analyses (boron) 
using Tukey’s outlier test and visual screening for all historical data through June 2019 
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samples (Figure C). When Tukey's outlier test detects an outlier for the most recent 
sample, it will not be flagged in the event that the data precede a trend that is more 
representative of current concentrations. No outliers were identified for the Appendix III 
parameters during this screening.  A summary of Tukey’s test results and flagged outliers 
follows this letter. 
 
For constituents requiring intrawell prediction limits, the Mann-Whitney (Wilcoxon Rank 
Sum) test was used to compare the medians of historical data through June 2017 to the 
new compliance samples at each well through March 2019 to evaluate whether the groups 
are statistically different at the 99% confidence level, in which case background data may 
be updated with compliance data (Figure D).  
 
The following well/constituent pairs were noted to have statistically significant lower 
medians in the more recent set of measurements when compared to background data: 
calcium, sulfate and TDS in downgradient well B-10 and TDS in downgradient well B-6.  A 
statistically significant difference was noted for sulfate in downgradient well B-9 which 
had a higher median in more recent data compared to the historical data. Typically, when 
the test concludes that the medians of the two groups are significantly different, 
particularly in the downgradient wells, the background are not updated to include the 
newer data but will be reconsidered in the future.  
 
However, when the entire records were evaluated using the time series graphs, more 
recent concentrations appeared only slightly different from historical measurements. In 
the case of sulfate in well B-9, more recent measurements are similar to those reported 
upgradient of the facility indicating natural variability in groundwater.  It was noted that 
earlier measurements for sulfate and TDS at well B-2 were higher than those reported 
currently.  Because these measurements represent pre-waste data, they are currently 
retained in the records. For these reasons, combined with the limited data available at this 
time, all background data sets were updated through March 2019. All data will be re-
evaluated during the next background update and, if it is determined that historical 
measurements are no longer representative of recent measurements, records will be 
adjusted at that time. In cases where concentrations are increasing in a downgradient well 
but similar patterns are not occurring in at least one upgradient well, further investigation 
would be required prior to updating the data set with more recent measurements. A 
summary of these results follows this letter and the test results are included with the Mann 
Whitney test section at the end of this report. 
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Intrawell prediction limits using all historical data through March 2019, combined with a 
1-of-2 resample plan, were constructed for calcium, chloride, fluoride, pH, sulfate and TDS 
(Figure E).  
 
For boron, which is tested using interwell prediction limits, the Sen’s Slope/Mann-Kendall 
trend test was used on upgradient wells to determine whether concentrations are 
statistically increasing, decreasing or stable (Figure F). No statistically significant 
increasing or decreasing trends were noted.  As more data are collected, all upgradient 
well data will be re-evaluated for possible deselection of earlier measurements if they no 
longer represent present-day groundwater quality conditions.  A summary of those results 
is included with the trend tests. 
 
Interwell prediction limits, combined with a 1-of-2 resample plan, were updated using all 
available data from upgradient wells for the same time period for boron (Figure G). 
Interwell prediction limits pool upgradient well data to establish a background limit for 
an individual constituent. A summary table of the updated limits may be found following 
this letter in the Prediction Limit Summary Tables. 
 
Evaluation of Appendix IV Parameters 
 
Parametric tolerance limits were used to calculate background limits from all available 
pooled upgradient well data for Appendix IV parameters with a target of 95% confidence 
and 95% coverage to determine the Alternate Contaminant Level (ACL) (Figure H).  All are 
screened for outliers and extreme trending patterns that would lead to artificially elevated 
statistical limits. It was noted that several constituents had higher reported concentrations 
in several wells during the September and November 2016 events which appear to be 
either a laboratory or sampling issue.  Therefore, these values were flagged as outliers 
since they do not represent the population within these wells.  Additionally, several 
reporting limits for the metals are significantly lower beginning in March 2019 than those 
reported historically.  No adjustment was made at this time; however, all data will be re-
evaluated during the next background update to determine whether a substitution of the 
most recent reporting limit is required. For lithium, the reporting limit during the June 
2019 event increased from a historical limit of 0.001 mg/L to 0.1 mg/L.  Therefore, this 
value was flagged in all wells as it appears to be related to laboratory or sampling 
practices. A summary of Tukey’s test results and flagged outliers follows this letter. 
 
Any flagged values may be seen on the Outlier Summary following this letter. The 
confidence and coverage levels for nonparametric tolerance limits are dependent upon 
the number of background samples. These limits were compared to the Maximum 
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Contaminant Levels (MCLs) and CCR-Rule specified levels in the Groundwater Protection 
Standard (GWPS) table following this letter to determine the highest limit for use as the 
GWPS in the Confidence Interval comparisons (Figure I).  
 
Confidence intervals were then constructed on downgradient wells for each of the 
Appendix IV parameters using the highest limit of the MCL, CCR-Rule specified level, or 
ACL as discussed above (Figure J). Only when the entire confidence interval is above a 
GWPS is the well/constituent pair considered to exceed its respective standard. No 
confidence intervals exceedances were found. A summary of the confidence interval 
results follows this letter. 

Thank you for the opportunity to assist you in the statistical analysis of groundwater 
quality for the Flint Creek Landfill. If you have any questions or comments, please feel free 
to contact me. 
 
For Groundwater Stats Consulting, 

 
Kristina L. Rayner 
Groundwater Statistician 
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Outlier Summary
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 4:03 PM

9/14/2016

10/5/2016

10/7/2016

11/7/2016

11/8/2016

3/7/2017

5/15/2017

5/16/2017

6/10/2019

6/11/2019

B-11 Arsenic, total (mg/L)  

B-10 Barium, total (mg/L)  

B-11 Barium, total (mg/L)  

B-2 Barium, total (mg/L)  

B-11 Beryllium, total (mg/L)  

B-2 Beryllium, total (mg/L)  

B-11 Cadmium, total (mg/L)  

B-12 Chromium, total (mg/L)  

B-10 Chromium, total (mg/L)  

B-11 Chromium, total (mg/L)  

0.032 (o) 0.102 (o)

0.103 (o)

0.494 (o)

0.543 (o)

0.006 (o)

0.003 (o)

0.004 (o)

0.022 (o)

0.016 (o)

0.037 (o)

0.108 (o)

9/14/2016

10/5/2016

10/7/2016

11/7/2016

11/8/2016

3/7/2017

5/15/2017

5/16/2017

6/10/2019

6/11/2019

B-2 Chromium, total (mg/L)  

B-12 Cobalt, total (mg/L)  

B-10 Cobalt, total (mg/L)  

B-11 Cobalt, total (mg/L)  

B-2 Cobalt, total (mg/L)  

B-11 Combined Radium 226 + 228 (pCi/L)  

B-6 Combined Radium 226 + 228 (pCi/L)  

B-9 Combined Radium 226 + 228 (pCi/L)  

B-12 Lead, total (mg/L)  

B-11 Lead, total (mg/L)  

0.026 (o)

0.037 (o) 0.023 (o)

0.005 (o)

0.025 (o)

0.031 (o)

8.05 (o)

12.993 (o)

7.58 (o)

13.943 (o)

9.472 (o)

0.015 (o)

0.049 (o)

9/14/2016

10/5/2016

10/7/2016

11/7/2016

11/8/2016

3/7/2017

5/15/2017

5/16/2017

6/10/2019

6/11/2019

B-2 Lead, total (mg/L)  

B-12 Lithium, total (mg/L)  

B-13 Lithium, total (mg/L)  

B-1B Lithium, total (mg/L)  

B-4 Lithium, total (mg/L)  

B-5 Lithium, total (mg/L)  

B-7A Lithium, total (mg/L)  

B-10 Lithium, total (mg/L)  

B-11 Lithium, total (mg/L)  

B-2 Lithium, total (mg/L)  

0.026 (o)

<0.1 (o) <0.1 (o) <0.1 (o)

<0.1 (o) <0.1 (o)

<0.1 (o) <0.1 (o)

0.079 (o)

<0.1 (o)
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Outlier Summary
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 4:03 PM

9/14/2016

10/5/2016

10/7/2016

11/7/2016

11/8/2016

3/7/2017

5/15/2017

5/16/2017

6/10/2019

6/11/2019

B-6 Lithium, total (mg/L)  

B-9 Lithium, total (mg/L)  

B-11 Mercury, total (mg/L)  

0.016 (o)

<0.1 (o)

<0.1 (o)

9.7E-05 (o)



Constituent Well Outlier Value(s) Date(s) Method N Mean Std. Dev. DistributionNormality Test

Antimony, total (mg/L) B-12,B-13,B-1B,B-... n/a n/a n/a w/combined bg NP 90 0.003399 0.002182 unknown ShapiroFrancia

Arsenic, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.003352 0.002093 x^(1/3) ShapiroFrancia

Barium, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.06563 0.02628 ln(x) ShapiroFrancia

Beryllium, total (mg/L) B-12,B-13,B-1B,B-... n/a n/a n/a w/combined bg NP 90 0.00043740.000376 unknown ShapiroFrancia

Boron, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 96 0.02597 0.01193 ln(x) ShapiroFrancia

Cadmium, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.00061920.0004441ln(x) ShapiroFrancia

Chromium, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.001853 0.002537 ln(x) ShapiroFrancia

Cobalt, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.00127 0.002686 ln(x) ShapiroFrancia

Combined Radium 226 + 228 (pCi/L)B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 84 2.348 2.13 ln(x) ShapiroFrancia

Lead, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.002921 0.002495 ln(x) ShapiroFrancia

Lithium, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.01234 0.01467 ln(x) ShapiroFrancia

Mercury, total (mg/L) B-12,B-13,B-1B,B-... Yes 0.000096 n/a w/combined bg NP 90 0.00002230.0000119x^(1/3) ShapiroFrancia

Molybdenum, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.003703 0.002569 sqrt(x) ShapiroFrancia

Selenium, total (mg/L) B-12,B-13,B-1B,B-... Yes 0.00004,0.00004 n/a w/combined bg NP 90 0.009233 0.01278 ln(x) ShapiroFrancia

Thallium, total (mg/L) B-12,B-13,B-1B,B-... No n/a n/a w/combined bg NP 90 0.001608 0.0006799normal ShapiroFrancia

Outlier Analysis - Upgradient Wells
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 8:54 AM
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Constituent Well Outlier Value(s) Date(s) Method N Mean Std. Dev. DistributionNormality Test

Calcium, total (mg/L) B-12 (bg) No n/a n/a NP 14 63.47 5.376 ln(x) ShapiroWilk

Calcium, total (mg/L) B-13 (bg) No n/a n/a NP 14 13.11 4.659 x^2 ShapiroWilk

Calcium, total (mg/L) B-1B (bg) No n/a n/a NP 14 88.73 3.541 ln(x) ShapiroWilk

Calcium, total (mg/L) B-4 (bg) No n/a n/a NP 14 13.04 8.545 ln(x) ShapiroWilk

Calcium, total (mg/L) B-5 (bg) No n/a n/a NP 14 17.01 0.9534 ln(x) ShapiroWilk

Calcium, total (mg/L) B-7A (bg) No n/a n/a NP 14 101.3 3.479 ln(x) ShapiroWilk

Calcium, total (mg/L) B-10 No n/a n/a NP 14 81.76 13.22 ln(x) ShapiroWilk

Calcium, total (mg/L) B-11 No n/a n/a NP 14 13.04 2.356 ln(x) ShapiroWilk

Calcium, total (mg/L) B-2 No n/a n/a NP 14 39.34 21.74 ln(x) ShapiroWilk

Calcium, total (mg/L) B-6 No n/a n/a NP 14 44.62 7.541 normal ShapiroWilk

Calcium, total (mg/L) B-9 No n/a n/a NP 14 99.17 16.89 ln(x) ShapiroWilk

Chloride, total (mg/L) B-12 (bg) No n/a n/a NP 14 10.23 1.557 normal ShapiroWilk

Chloride, total (mg/L) B-13 (bg) No n/a n/a NP 14 3.609 0.934 x^2 ShapiroWilk

Chloride, total (mg/L) B-1B (bg) No n/a n/a NP 14 3.346 1.116 sqrt(x) ShapiroWilk

Chloride, total (mg/L) B-4 (bg) No n/a n/a NP 14 8.085 1.549 x^4 ShapiroWilk

Chloride, total (mg/L) B-5 (bg) No n/a n/a NP 14 7.664 1.743 ln(x) ShapiroWilk

Chloride, total (mg/L) B-7A (bg) No n/a n/a NP 14 4.194 1.195 ln(x) ShapiroWilk

Chloride, total (mg/L) B-10 No n/a n/a NP 14 8.17 1.496 ln(x) ShapiroWilk

Chloride, total (mg/L) B-11 No n/a n/a NP 14 5.14 1.157 x^2 ShapiroWilk

Chloride, total (mg/L) B-2 No n/a n/a NP 14 6.263 1.546 ln(x) ShapiroWilk

Chloride, total (mg/L) B-6 No n/a n/a NP 14 7.669 1.547 ln(x) ShapiroWilk

Chloride, total (mg/L) B-9 No n/a n/a NP 14 5.921 1.066 normal ShapiroWilk

Fluoride, total (mg/L) B-12 (bg) n/a n/a n/a NP 14 0.8751 0.3186 unknown ShapiroWilk

Fluoride, total (mg/L) B-13 (bg) n/a n/a n/a NP 14 0.8737 0.3232 unknown ShapiroWilk

Fluoride, total (mg/L) B-1B (bg) No n/a n/a NP 14 0.5929 0.2885 sqrt(x) ShapiroWilk

Fluoride, total (mg/L) B-4 (bg) n/a n/a n/a NP 14 0.93 0.2619 unknown ShapiroWilk

Fluoride, total (mg/L) B-5 (bg) n/a n/a n/a NP 14 0.8816 0.3035 unknown ShapiroWilk

Fluoride, total (mg/L) B-7A (bg) No n/a n/a NP 14 0.8019 0.3265 ln(x) ShapiroWilk

Fluoride, total (mg/L) B-10 No n/a n/a NP 14 0.783 0.3594 ln(x) ShapiroWilk

Fluoride, total (mg/L) B-11 n/a n/a n/a NP 14 0.9314 0.2566 unknown ShapiroWilk

Fluoride, total (mg/L) B-2 n/a n/a n/a NP 14 0.8883 0.2877 unknown ShapiroWilk

Fluoride, total (mg/L) B-6 n/a n/a n/a NP 14 0.8862 0.2893 unknown ShapiroWilk

Fluoride, total (mg/L) B-9 No n/a n/a NP 14 0.7281 0.3827 ln(x) ShapiroWilk

pH, field (SU) B-12 (bg) No n/a n/a NP 14 7.19 0.7119 ln(x) ShapiroWilk

pH, field (SU) B-13 (bg) No n/a n/a NP 14 5.729 0.8643 ln(x) ShapiroWilk

pH, field (SU) B-1B (bg) No n/a n/a NP 14 7.281 0.5005 x^4 ShapiroWilk

pH, field (SU) B-4 (bg) No n/a n/a NP 14 7.026 0.3862 x^5 ShapiroWilk

pH, field (SU) B-5 (bg) No n/a n/a NP 14 5.549 0.5654 ln(x) ShapiroWilk

pH, field (SU) B-7A (bg) No n/a n/a NP 14 7.183 0.3105 ln(x) ShapiroWilk

pH, field (SU) B-10 No n/a n/a NP 14 7.37 0.6385 ln(x) ShapiroWilk

pH, field (SU) B-11 No n/a n/a NP 15 5.902 0.4841 ln(x) ShapiroWilk

pH, field (SU) B-2 No n/a n/a NP 15 6.252 0.4681 ln(x) ShapiroWilk

pH, field (SU) B-6 No n/a n/a NP 15 6.749 0.2825 x^6 ShapiroWilk

pH, field (SU) B-9 No n/a n/a NP 14 7.321 0.5186 x^4 ShapiroWilk

Sulfate, total (mg/L) B-12 (bg) No n/a n/a NP 14 11.08 3.662 sqrt(x) ShapiroWilk

Sulfate, total (mg/L) B-13 (bg) No n/a n/a NP 14 20.67 7.419 x^2 ShapiroWilk

Sulfate, total (mg/L) B-1B (bg) No n/a n/a NP 14 21.66 2.876 x^4 ShapiroWilk

Sulfate, total (mg/L) B-4 (bg) No n/a n/a NP 14 9.979 2.9 x^2 ShapiroWilk

Sulfate, total (mg/L) B-5 (bg) No n/a n/a NP 14 200 19.34 x^3 ShapiroWilk

Sulfate, total (mg/L) B-7A (bg) No n/a n/a NP 14 33.16 1.747 x^6 ShapiroWilk

Sulfate, total (mg/L) B-10 No n/a n/a NP 14 29.63 4.368 x^(1/3) ShapiroWilk

Sulfate, total (mg/L) B-11 No n/a n/a NP 14 43.11 10.09 ln(x) ShapiroWilk

Sulfate, total (mg/L) B-2 No n/a n/a NP 14 240.9 178.9 ln(x) ShapiroWilk

Sulfate, total (mg/L) B-6 No n/a n/a NP 14 25.34 7.606 sqrt(x) ShapiroWilk

Sulfate, total (mg/L) B-9 No n/a n/a NP 14 22.71 6.675 ln(x) ShapiroWilk

Outlier Analysis - Appendix III All Results (No Significant)
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:32 AM
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Page 2

Total Dissolved Solids [TDS] (mg/L) B-12 (bg) No n/a n/a NP 14 252.4 31.73 x^3 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-13 (bg) No n/a n/a NP 14 75.14 19.83 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-1B (bg) No n/a n/a NP 14 272.6 19.73 x^6 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-4 (bg) No n/a n/a NP 14 76.79 20.03 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-5 (bg) No n/a n/a NP 14 395.5 23.14 x^4 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-7A (bg) No n/a n/a NP 14 312.1 12.01 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-10 No n/a n/a NP 14 267.7 21.01 normal ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-11 No n/a n/a NP 14 132.3 27.26 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-2 No n/a n/a NP 14 531.6 332.5 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-6 No n/a n/a NP 14 194.9 43.59 x^2 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-9 No n/a n/a NP 14 239.4 24.16 sqrt(x) ShapiroWilk

Outlier Analysis - Appendix III All Results (No Significant)
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:32 AM
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Constituent Well Outlier Value(s) Date(s) Method N Mean Std. Dev. DistributionNormality Test

Barium, total (mg/L) B-10 Yes 0.102,0.103 9/14/2016,11/7/2016 NP 15 0.08112 0.00929 ln(x) ShapiroWilk

Barium, total (mg/L) B-11 Yes 0.494 9/14/2016 NP 15 0.1516 0.09779 ln(x) ShapiroWilk

Beryllium, total (mg/L) B-2 Yes 0.003 11/8/2016 NP 15 0.00044990.0007519ln(x) ShapiroWilk

Calcium, total (mg/L) B-10 Yes 116 11/7/2016 NP 16 80.99 12.61 ln(x) ShapiroWilk

Lithium, total (mg/L) B-9 Yes 0.05 6/11/2019 NP 15 0.007772 0.01221 ln(x) ShapiroWilk

Mercury, total (mg/L) B-2 Yes 0.00000946,0.00005,0.000005 7/19/2016,11/8/2016,8/27/2018 NP 15 0.000023340.00001 sqrt(x) ShapiroWilk

Outlier Analysis - Downgradient Wells Appendix IV - Significant Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:16 AM



Constituent Well Outlier Value(s) Date(s) Method N Mean Std. Dev. DistributionNormality Test

Antimony, total (mg/L) B-10 No n/a n/a NP 15 0.003701 0.00223 ln(x) ShapiroWilk

Antimony, total (mg/L) B-11 n/a n/a n/a NP 15 0.003713 0.002194 unknown ShapiroWilk

Antimony, total (mg/L) B-2 n/a n/a n/a NP 15 0.002585 0.002257 unknown ShapiroWilk

Antimony, total (mg/L) B-6 n/a n/a n/a NP 15 0.003473 0.002259 unknown ShapiroWilk

Antimony, total (mg/L) B-9 n/a n/a n/a NP 15 0.003506 0.002205 unknown ShapiroWilk

Arsenic, total (mg/L) B-10 No n/a n/a NP 15 0.003564 0.002058 x^3 ShapiroWilk

Arsenic, total (mg/L) B-11 No n/a n/a NP 15 0.005357 0.0077 ln(x) ShapiroWilk

Arsenic, total (mg/L) B-2 No n/a n/a NP 15 0.003648 0.004383 ln(x) ShapiroWilk

Arsenic, total (mg/L) B-6 No n/a n/a NP 15 0.002773 0.00205 x^(1/3) ShapiroWilk

Arsenic, total (mg/L) B-9 No n/a n/a NP 15 0.003242 0.001958 ln(x) ShapiroWilk

Barium, total (mg/L) B-10 Yes 0.102,0.103 9/14/2016,11/7/2016 NP 15 0.08112 0.00929 ln(x) ShapiroWilk

Barium, total (mg/L) B-11 Yes 0.494 9/14/2016 NP 15 0.1516 0.09779 ln(x) ShapiroWilk

Barium, total (mg/L) B-2 No n/a n/a NP 15 0.122 0.1292 ln(x) ShapiroWilk

Barium, total (mg/L) B-6 No n/a n/a NP 15 0.05925 0.01295 ln(x) ShapiroWilk

Barium, total (mg/L) B-9 No n/a n/a NP 15 0.1505 0.01778 ln(x) ShapiroWilk

Beryllium, total (mg/L) B-10 No n/a n/a NP 15 0.00057330.0004399x^(1/3) ShapiroWilk

Beryllium, total (mg/L) B-11 No n/a n/a NP 15 0.00091230.001483 ln(x) ShapiroWilk

Beryllium, total (mg/L) B-2 Yes 0.003 11/8/2016 NP 15 0.00044990.0007519ln(x) ShapiroWilk

Beryllium, total (mg/L) B-6 No n/a n/a NP 15 0.00023470.0002642x^(1/3) ShapiroWilk

Beryllium, total (mg/L) B-9 No n/a n/a NP 15 0.00041970.0004528ln(x) ShapiroWilk

Boron, total (mg/L) B-10 No n/a n/a NP 16 0.02647 0.01148 sqrt(x) ShapiroWilk

Boron, total (mg/L) B-11 No n/a n/a NP 17 0.3189 0.1446 ln(x) ShapiroWilk

Boron, total (mg/L) B-2 No n/a n/a NP 17 1.087 0.3474 sqrt(x) ShapiroWilk

Boron, total (mg/L) B-6 No n/a n/a NP 17 0.05445 0.01159 normal ShapiroWilk

Boron, total (mg/L) B-9 No n/a n/a NP 16 0.01546 0.01114 ln(x) ShapiroWilk

Cadmium, total (mg/L) B-10 n/a n/a n/a NP 15 0.00071420.0004279unknown ShapiroWilk

Cadmium, total (mg/L) B-11 No n/a n/a NP 15 0.00073170.001043 ln(x) ShapiroWilk

Cadmium, total (mg/L) B-2 No n/a n/a NP 15 0.00057120.0004635ln(x) ShapiroWilk

Cadmium, total (mg/L) B-6 No n/a n/a NP 15 0.00054370.0004471ln(x) ShapiroWilk

Cadmium, total (mg/L) B-9 n/a n/a n/a NP 15 0.00076930.0003975unknown ShapiroWilk

Calcium, total (mg/L) B-10 Yes 116 11/7/2016 NP 16 80.99 12.61 ln(x) ShapiroWilk

Calcium, total (mg/L) B-11 No n/a n/a NP 16 13.43 2.462 ln(x) ShapiroWilk

Calcium, total (mg/L) B-2 No n/a n/a NP 16 36.28 21.91 ln(x) ShapiroWilk

Calcium, total (mg/L) B-6 No n/a n/a NP 16 44.95 7.134 x^2 ShapiroWilk

Calcium, total (mg/L) B-9 No n/a n/a NP 16 101 17.3 ln(x) ShapiroWilk

Chloride, total (mg/L) B-10 No n/a n/a NP 16 8.164 1.452 ln(x) ShapiroWilk

Chloride, total (mg/L) B-11 No n/a n/a NP 16 4.918 1.243 normal ShapiroWilk

Chloride, total (mg/L) B-2 No n/a n/a NP 16 5.928 1.72 ln(x) ShapiroWilk

Chloride, total (mg/L) B-6 No n/a n/a NP 16 7.571 1.501 ln(x) ShapiroWilk

Chloride, total (mg/L) B-9 No n/a n/a NP 16 5.599 1.333 x^2 ShapiroWilk

Chromium, total (mg/L) B-10 No n/a n/a NP 15 0.004406 0.009828 ln(x) ShapiroWilk

Chromium, total (mg/L) B-11 No n/a n/a NP 15 0.01224 0.02725 ln(x) ShapiroWilk

Chromium, total (mg/L) B-2 No n/a n/a NP 15 0.007344 0.01025 ln(x) ShapiroWilk

Chromium, total (mg/L) B-6 No n/a n/a NP 15 0.004085 0.002403 ln(x) ShapiroWilk

Chromium, total (mg/L) B-9 No n/a n/a NP 15 0.002271 0.001024 sqrt(x) ShapiroWilk

Cobalt, total (mg/L) B-10 No n/a n/a NP 15 0.001008 0.001189 ln(x) ShapiroWilk

Cobalt, total (mg/L) B-11 No n/a n/a NP 15 0.003008 0.006331 ln(x) ShapiroWilk

Cobalt, total (mg/L) B-2 No n/a n/a NP 15 0.00414 0.008361 ln(x) ShapiroWilk

Cobalt, total (mg/L) B-6 No n/a n/a NP 15 0.001522 0.001193 sqrt(x) ShapiroWilk

Cobalt, total (mg/L) B-9 No n/a n/a NP 15 0.00097140.00059 sqrt(x) ShapiroWilk

Combined Radium 226 + 228 (pCi/L)B-10 No n/a n/a NP 14 1.113 0.5527 x^(1/3) ShapiroWilk

Combined Radium 226 + 228 (pCi/L)B-11 No n/a n/a NP 14 2.516 3.581 ln(x) ShapiroWilk

Combined Radium 226 + 228 (pCi/L)B-2 No n/a n/a NP 14 1.922 0.9752 ln(x) ShapiroWilk

Combined Radium 226 + 228 (pCi/L)B-6 No n/a n/a NP 14 2.274 3.821 ln(x) ShapiroWilk

Combined Radium 226 + 228 (pCi/L)B-9 No n/a n/a NP 14 1.776 2.355 ln(x) ShapiroWilk

Outlier Analysis - Downgradient Wells Appendix IV - All Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:16 AM



Constituent Well Outlier Value(s) Date(s) Method N Mean Std. Dev. DistributionNormality Test

Page 2

Fluoride, total (mg/L) B-10 No n/a n/a NP 16 0.7545 0.38 ln(x) ShapiroWilk

Fluoride, total (mg/L) B-11 n/a n/a n/a NP 16 0.88 0.3279 unknown ShapiroWilk

Fluoride, total (mg/L) B-2 n/a n/a n/a NP 16 0.8435 0.3408 unknown ShapiroWilk

Fluoride, total (mg/L) B-6 n/a n/a n/a NP 16 0.8398 0.3464 unknown ShapiroWilk

Fluoride, total (mg/L) B-9 No n/a n/a NP 16 0.7077 0.394 ln(x) ShapiroWilk

Lead, total (mg/L) B-10 n/a n/a n/a NP 15 0.00312 0.002162 unknown ShapiroWilk

Lead, total (mg/L) B-11 No n/a n/a NP 15 0.006196 0.01214 ln(x) ShapiroWilk

Lead, total (mg/L) B-2 No n/a n/a NP 15 0.004373 0.006874 ln(x) ShapiroWilk

Lead, total (mg/L) B-6 No n/a n/a NP 15 0.00171 0.00145 sqrt(x) ShapiroWilk

Lead, total (mg/L) B-9 No n/a n/a NP 15 0.003002 0.00222 ln(x) ShapiroWilk

Lithium, total (mg/L) B-10 No n/a n/a NP 15 0.007401 0.01239 ln(x) ShapiroWilk

Lithium, total (mg/L) B-11 No n/a n/a NP 15 0.01221 0.0203 ln(x) ShapiroWilk

Lithium, total (mg/L) B-2 No n/a n/a NP 15 0.01027 0.01351 ln(x) ShapiroWilk

Lithium, total (mg/L) B-6 No n/a n/a NP 15 0.006166 0.01269 ln(x) ShapiroWilk

Lithium, total (mg/L) B-9 Yes 0.05 6/11/2019 NP 15 0.007772 0.01221 ln(x) ShapiroWilk

Mercury, total (mg/L) B-10 No n/a n/a NP 15 0.000021780.000005834x^2 ShapiroWilk

Mercury, total (mg/L) B-11 n/a n/a n/a NP 15 0.000029730.00001861unknown ShapiroWilk

Mercury, total (mg/L) B-2 Yes 0.00000946,0.00005,0.000005 7/19/2016,11/8/2016,8/27/2018 NP 15 0.000023340.00001 sqrt(x) ShapiroWilk

Mercury, total (mg/L) B-6 No n/a n/a NP 15 0.000015440.000008342ln(x) ShapiroWilk

Mercury, total (mg/L) B-9 n/a n/a n/a NP 15 0.000022440.000005506unknown ShapiroWilk

Molybdenum, total (mg/L) B-10 No n/a n/a NP 15 0.002665 0.003203 ln(x) ShapiroWilk

Molybdenum, total (mg/L) B-11 No n/a n/a NP 15 0.003715 0.002668 sqrt(x) ShapiroWilk

Molybdenum, total (mg/L) B-2 No n/a n/a NP 15 0.002644 0.002729 ln(x) ShapiroWilk

Molybdenum, total (mg/L) B-6 No n/a n/a NP 15 0.002431 0.002802 ln(x) ShapiroWilk

Molybdenum, total (mg/L) B-9 n/a n/a n/a NP 15 0.006527 0.008516 unknown ShapiroWilk

pH, field (SU) B-10 No n/a n/a NP 16 7.365 0.5946 ln(x) ShapiroWilk

pH, field (SU) B-11 No n/a n/a NP 17 5.895 0.4542 ln(x) ShapiroWilk

pH, field (SU) B-2 No n/a n/a NP 17 6.24 0.4454 ln(x) ShapiroWilk

pH, field (SU) B-6 No n/a n/a NP 17 6.742 0.2669 x^6 ShapiroWilk

pH, field (SU) B-9 No n/a n/a NP 16 7.337 0.4942 x^4 ShapiroWilk

Selenium, total (mg/L) B-10 No n/a n/a NP 15 0.003767 0.002118 ln(x) ShapiroWilk

Selenium, total (mg/L) B-11 No n/a n/a NP 15 0.003293 0.001377 x^(1/3) ShapiroWilk

Selenium, total (mg/L) B-2 No n/a n/a NP 15 0.02412 0.02155 ln(x) ShapiroWilk

Selenium, total (mg/L) B-6 No n/a n/a NP 15 0.002494 0.001205 x^(1/3) ShapiroWilk

Selenium, total (mg/L) B-9 n/a n/a n/a NP 15 0.003847 0.001984 unknown ShapiroWilk

Sulfate, total (mg/L) B-10 No n/a n/a NP 16 29.18 4.246 ln(x) ShapiroWilk

Sulfate, total (mg/L) B-11 No n/a n/a NP 16 44.83 10.53 x^(1/3) ShapiroWilk

Sulfate, total (mg/L) B-2 No n/a n/a NP 16 219.9 176.2 ln(x) ShapiroWilk

Sulfate, total (mg/L) B-6 No n/a n/a NP 16 25.78 7.641 sqrt(x) ShapiroWilk

Sulfate, total (mg/L) B-9 No n/a n/a NP 16 24.54 7.965 ln(x) ShapiroWilk

Thallium, total (mg/L) B-10 n/a n/a n/a NP 15 0.001726 0.0006219unknown ShapiroWilk

Thallium, total (mg/L) B-11 No n/a n/a NP 15 0.001635 0.000662 normal ShapiroWilk

Thallium, total (mg/L) B-2 No n/a n/a NP 15 0.001529 0.0007166sqrt(x) ShapiroWilk

Thallium, total (mg/L) B-6 No n/a n/a NP 15 0.001601 0.0006496normal ShapiroWilk

Thallium, total (mg/L) B-9 No n/a n/a NP 15 0.001673 0.0006346x^2 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-10 No n/a n/a NP 16 267.3 19.66 sqrt(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-11 No n/a n/a NP 16 129.5 28.4 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-2 No n/a n/a NP 16 494.9 325.4 ln(x) ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-6 No n/a n/a NP 16 197.9 42.93 x^2 ShapiroWilk

Total Dissolved Solids [TDS] (mg/L) B-9 No n/a n/a NP 16 244.3 28.59 ln(x) ShapiroWilk

Outlier Analysis - Downgradient Wells Appendix IV - All Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:16 AM
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Constituent: Barium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

Outliers are drawn as
solid.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.102, low
cutoff = 0.06131, based
on IQR multiplier of 3.
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Constituent: Barium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

Outlier is drawn as solid.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.273, low
cutoff = 0.05653, based
on IQR multiplier of 3.
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Constituent: Barium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.7019,
low cutoff = 0.0101, based
on IQR multiplier of 3.
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Constituent: Barium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.1646,
low cutoff = 0.01947,
based on IQR multiplier
of 3.
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Constituent: Barium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.2827,
low cutoff = 0.08161,
based on IQR multiplier
of 3.
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Constituent: Beryllium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.024, low
cutoff = -0.003462, based
on IQR multiplier of 3.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.02078,
low cutoff = 0.00001368,
based on IQR multiplier
of 3.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Outlier is drawn as solid.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.002361,
low cutoff = 0.00001876,
based on IQR multiplier
of 3.
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Constituent: Beryllium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.002002,
low cutoff = -0.00000699,
based on IQR multiplier
of 3.
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Constituent: Beryllium, total    Analysis Run 12/8/2019 9:05 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 27.23, low
cutoff = 1.2e-9, based
on IQR multiplier of 3.
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Constituent: Boron, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.07738,
low cutoff = 0.00151,
based on IQR multiplier
of 3.
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Constituent: Boron, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 17

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 5.307, low
cutoff = 0.01755, based
on IQR multiplier of 3.
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Constituent: Boron, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 4.286, low
cutoff = -0.004819, based
on IQR multiplier of 3.
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Constituent: Boron, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 17

No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

High cutoff = 0.09345,
low cutoff = 0.0154, based
on IQR multiplier of 3.
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Constituent: Boron, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.2432,
low cutoff = 0.0008716,
based on IQR multiplier
of 3.
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Constituent: Cadmium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

The results were invalid-
ated, because both the
lower and upper quartiles
represent reporting limits.

0

0.0008

0.0016

0.0024

0.0032

0.004

5/25/16 1/17/17 9/12/17 5/8/18 1/1/19 8/27/19

Tukey's Outlier Screening

B-11

Constituent: Cadmium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.4552,
low cutoff = 2.9e-7, based
on IQR multiplier of 3.
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Constituent: Cadmium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 4.63, low
cutoff = 1.3e-8, based
on IQR multiplier of 3.
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Constituent: Cadmium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.6299,
low cutoff = 1.9e-7, based
on IQR multiplier of 3.
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Constituent: Cadmium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because both the
lower and upper quartiles
represent reporting limits.

0

40

80

120

160

200

5/25/16 1/17/17 9/12/17 5/8/18 1/1/19 8/27/19

Tukey's Outlier Screening
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Constituent: Calcium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

Outlier is drawn as solid.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 114.6, low
cutoff = 53.55, based
on IQR multiplier of 3.
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Constituent: Calcium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 35.08, low
cutoff = 4.943, based
on IQR multiplier of 3.
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Constituent: Calcium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 904.4, low
cutoff = 1.078, based
on IQR multiplier of 3.
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Constituent: Calcium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 76.64, low
cutoff = -42.52, based
on IQR multiplier of 3.
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Constituent: Calcium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 163.7, low
cutoff = 55.36, based
on IQR multiplier of 3.
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Constituent: Chloride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 19.13, low
cutoff = 3.294, based
on IQR multiplier of 3.
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Constituent: Chloride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

High cutoff = 12, low
cutoff = -2, based on
IQR multiplier of 3.
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Constituent: Chloride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 14.11, low
cutoff = 2.296, based
on IQR multiplier of 3.

0

4

8

12

16

20

5/25/16 1/17/17 9/12/17 5/8/18 1/1/19 8/27/19

Tukey's Outlier Screening

B-6

Constituent: Chloride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 15.05, low
cutoff = 3.445, based
on IQR multiplier of 3.
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Constituent: Chloride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 8.307, low
cutoff = -2.828, based
on IQR multiplier of 3.
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Constituent: Chromium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App I

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.2697,
low cutoff = 0.000002892,
based on IQR multiplier
of 3.
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Constituent: Chromium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App I
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 11.35, low
cutoff = 0.000001557,
based on IQR multiplier
of 3.
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.1304,
low cutoff = 0.00009892,
based on IQR multiplier
of 3.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.06033,
low cutoff = 0.0001807,
based on IQR multiplier
of 3.
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Constituent: Chromium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App I

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.009745,
low cutoff = -0.00001457,
based on IQR multiplier
of 3.
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Constituent: Cobalt, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.022, low
cutoff = 0.0000234, based
on IQR multiplier of 3.
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B-11

Constituent: Cobalt, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 4.927, low
cutoff = 1.9e-7, based
on IQR multiplier of 3.
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Constituent: Cobalt, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.4495,
low cutoff = 0.000001806,
based on IQR multiplier
of 3.
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Constituent: Cobalt, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.01154,
low cutoff = -0.001603,
based on IQR multiplier
of 3.
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Constituent: Cobalt, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.005912,
low cutoff = -0.0003149,
based on IQR multiplier
of 3.
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Constituent: Combined Radium 226 + 228    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

p
C

i/L

n = 14

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 5.822, low
cutoff = 0.004392, based
on IQR multiplier of 3.
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B-11

Constituent: Combined Radium 226 + 228    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

p
C

i/L

n = 14

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 110, low
cutoff = 0.01457, based
on IQR multiplier of 3.
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B-2

Constituent: Combined Radium 226 + 228    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

p
C

i/L

n = 14

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 13.4, low
cutoff = 0.1981, based
on IQR multiplier of 3.
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Constituent: Combined Radium 226 + 228    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

p
C

i/L

n = 14

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 22.74, low
cutoff = 0.03898, based
on IQR multiplier of 3.
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Constituent: Combined Radium 226 + 228    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

p
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i/L

n = 14

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 82.14, low
cutoff = 0.01469, based
on IQR multiplier of 3.
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Constituent: Fluoride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 32.04, low
cutoff = 0.009825, based
on IQR multiplier of 3.
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Constituent: Fluoride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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Constituent: Fluoride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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Constituent: Fluoride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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Constituent: Fluoride, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 49.62, low
cutoff = 0.005485, based
on IQR multiplier of 3.
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Constituent: Lead, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

The results were invalid-
ated, because both the
lower and upper quartiles
represent reporting limits.
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Constituent: Lead, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 1.093, low
cutoff = 0.000003797,
based on IQR multiplier
of 3.
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Constituent: Lead, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 17.08, low
cutoff = 9.7e-8, based
on IQR multiplier of 3.
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Constituent: Lead, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.01316,
low cutoff = -0.001458,
based on IQR multiplier
of 3.
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Constituent: Lead, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 1.446, low
cutoff = 0.000002614,
based on IQR multiplier
of 3.
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Constituent: Lithium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.07813,
low cutoff = 0.000128,
based on IQR multiplier
of 3.
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Constituent: Lithium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 6.331, low
cutoff = 0.00000725, based
on IQR multiplier of 3.
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Constituent: Lithium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 9.863, low
cutoff = 0.00000305, based
on IQR multiplier of 3.
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Constituent: Lithium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.286, low
cutoff = 0.00001196, based
on IQR multiplier of 3.
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Constituent: Lithium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Outlier is drawn as solid.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.02879,
low cutoff = 0.0005503,
based on IQR multiplier
of 3.
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Constituent: Mercury, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.00003954,
low cutoff = -0.00002502,
based on IQR multiplier
of 3.
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Constituent: Mercury, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Outliers are drawn as
solid.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.00003885,
low cutoff = 0.00001127,
based on IQR multiplier
of 3.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.0008934,
low cutoff = 2.1e-7, based
on IQR multiplier of 3.
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No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.162, low
cutoff = 0.00002135, based
on IQR multiplier of 3.
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No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.04409,
low cutoff = -0.01322,
based on IQR multiplier
of 3.
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No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 3.053, low
cutoff = 7.2e-7, based
on IQR multiplier of 3.
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B-6

Constituent: Molybdenum, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App  

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 3.969, low
cutoff = 6.8e-7, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-9

Constituent: Molybdenum, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App  

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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Tukey's Outlier Screening

B-10

Constituent: pH, field    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 11.03, low
cutoff = 4.895, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-11

Constituent: pH, field    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

n = 17

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 9.645, low
cutoff = 3.569, based
on IQR multiplier of 3.

0

1.6

3.2

4.8

6.4

8

5/24/16 1/17/17 9/12/17 5/8/18 1/1/19 8/27/19

Tukey's Outlier Screening

B-2

Constituent: pH, field    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

n = 17

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 9.468, low
cutoff = 4.181, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-6

Constituent: pH, field    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

n = 17

No outliers found.
Tukey's method select-
ed by user.

Data were x^6 transform-
ed to achieve best W stat-
istic (graph shown in
original units).

High cutoff = 7.786, low
cutoff = -5.56, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-9

Constituent: pH, field    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were x^4 transform-
ed to achieve best W stat-
istic (graph shown in
original units).

High cutoff = 9, low cutoff
= -4.879, based on IQR
multiplier of 3.
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B-10

Constituent: Selenium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 5, low cutoff
= 5.0e-7, based on IQR
multiplier of 3.
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B-11

Constituent: Selenium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.02947,
low cutoff = -0.000002123,
based on IQR multiplier
of 3.
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Tukey's Outlier Screening

B-2

Constituent: Selenium, total    Analysis Run 12/8/2019 9:06 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 2.058, low
cutoff = 0.000153, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-6

Constituent: Selenium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.01786,
low cutoff = -1.1e-9,
based on IQR multiplier
of 3.
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Tukey's Outlier Screening

B-9

Constituent: Selenium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

The results were invalid-
ated, because both the
lower and upper quartiles
represent reporting limits.
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Tukey's Outlier Screening

B-10

Constituent: Sulfate, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 52.24, low
cutoff = 15.46, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-11

Constituent: Sulfate, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were cube root trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 136.9, low
cutoff = 7.299, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-2

Constituent: Sulfate, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 3169, low
cutoff = 9.193, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-6

Constituent: Sulfate, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 79.32, low
cutoff = 1.465, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-9

Constituent: Sulfate, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 134.5, low
cutoff = 4.379, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-10

Constituent: Thallium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

The results were invalid-
ated, because the lower
and upper quartiles are
equal.
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B-11

Constituent: Thallium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

High cutoff = 0.004997,
low cutoff = -0.001996,
based on IQR multiplier
of 3.
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B-2

Constituent: Thallium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 0.00808,
low cutoff = -0.0002404,
based on IQR multiplier
of 3.
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B-6

Constituent: Thallium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Ladder of Powers trans-
formations did not im-
prove normality; analy-
sis run on raw data.

High cutoff = 0.00452,
low cutoff = -0.00136,
based on IQR multiplier
of 3.
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B-9

Constituent: Thallium, total    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgradient - App IV

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 15

No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 0.003018,
low cutoff = -0.001676,
based on IQR multiplier
of 3.
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Tukey's Outlier Screening

B-10

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square root
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 341.8, low
cutoff = 198.3, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-11

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 341.4, low
cutoff = 44.82, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-2

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 7557, low
cutoff = 22.76, based
on IQR multiplier of 3.

0

60

120

180

240

300

5/25/16 1/17/17 9/12/17 5/8/18 1/1/19 8/27/19

Tukey's Outlier Screening

B-6

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were square trans-
formed to achieve best
W statistic (graph shown
in original units).

High cutoff = 366.1, low
cutoff = -223.3, based
on IQR multiplier of 3.
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Tukey's Outlier Screening

B-9

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:07 AM    View: Outlier Tests - Downgra

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

n = 16

No outliers found.
Tukey's method select-
ed by user.

Data were natural log
transformed to achieve
best W statistic (graph
shown in original units).

High cutoff = 427, low
cutoff = 140.2, based
on IQR multiplier of 3.



Constituent Well Calc. 0.01 Sig. Method

Calcium, total (mg/L) B-10 -2.758 Yes Yes Mann-W

Sulfate, total (mg/L) B-10 -2.631 Yes Yes Mann-W

Sulfate, total (mg/L) B-9 2.708 Yes Yes Mann-W

Total Dissolved Solids [TDS] (mg/L) B-10 -2.622 Yes Yes Mann-W

Total Dissolved Solids [TDS] (mg/L) B-6 -2.902 Yes Yes Mann-W

Mann-Whitney - Significant Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:35 AM



Constituent Well Calc. 0.01 Sig. Method

Calcium, total (mg/L) B-12 (bg) -1.487 No No Mann-W

Calcium, total (mg/L) B-13 (bg) -0.6364 No No Mann-W

Calcium, total (mg/L) B-1B (bg) -0.07071 No No Mann-W

Calcium, total (mg/L) B-4 (bg) -2.548 No No Mann-W

Calcium, total (mg/L) B-5 (bg) -2.126 No No Mann-W

Calcium, total (mg/L) B-7A (bg) 0.07118 No No Mann-W

Calcium, total (mg/L) B-10 -2.758 Yes Yes Mann-W

Calcium, total (mg/L) B-11 -2.192 No No Mann-W

Calcium, total (mg/L) B-2 -1.202 No No Mann-W

Calcium, total (mg/L) B-6 -2.475 No No Mann-W

Calcium, total (mg/L) B-9 0.7778 No No Mann-W

Chloride, total (mg/L) B-12 (bg) 0.2913 No No Mann-W

Chloride, total (mg/L) B-13 (bg) -1.777 No No Mann-W

Chloride, total (mg/L) B-1B (bg) -0.5812 No No Mann-W

Chloride, total (mg/L) B-4 (bg) -1.341 No No Mann-W

Chloride, total (mg/L) B-5 (bg) 0.7964 No No Mann-W

Chloride, total (mg/L) B-7A (bg) 0.3658 No No Mann-W

Chloride, total (mg/L) B-10 1.311 No No Mann-W

Chloride, total (mg/L) B-11 0.2962 No No Mann-W

Chloride, total (mg/L) B-2 -0.5923 No No Mann-W

Chloride, total (mg/L) B-6 1.189 No No Mann-W

Chloride, total (mg/L) B-9 -0.07589 No No Mann-W

Fluoride, total (mg/L) B-12 (bg) -0.9282 No No Mann-W

Fluoride, total (mg/L) B-13 (bg) -0.9282 No No Mann-W

Fluoride, total (mg/L) B-1B (bg) -2.074 No No Mann-W

Fluoride, total (mg/L) B-4 (bg) -1.739 No No Mann-W

Fluoride, total (mg/L) B-5 (bg) -0.9282 No No Mann-W

Fluoride, total (mg/L) B-7A (bg) -1.506 No No Mann-W

Fluoride, total (mg/L) B-10 -1.151 No No Mann-W

Fluoride, total (mg/L) B-11 -1.739 No No Mann-W

Fluoride, total (mg/L) B-2 -0.9282 No No Mann-W

Fluoride, total (mg/L) B-6 -2.437 No No Mann-W

Fluoride, total (mg/L) B-9 -1.071 No No Mann-W

pH, field (SU) B-12 (bg) 2.192 No No Mann-W

pH, field (SU) B-13 (bg) 0.3536 No No Mann-W

pH, field (SU) B-1B (bg) 1.416 No No Mann-W

pH, field (SU) B-4 (bg) 2.475 No No Mann-W

pH, field (SU) B-5 (bg) -0.07071 No No Mann-W

pH, field (SU) B-7A (bg) 0.5663 No No Mann-W

pH, field (SU) B-10 1.626 No No Mann-W

pH, field (SU) B-11 -0.6736 No No Mann-W

pH, field (SU) B-2 1.165 No No Mann-W

pH, field (SU) B-6 -0.1839 No No Mann-W

pH, field (SU) B-9 1.626 No No Mann-W

Sulfate, total (mg/L) B-12 (bg) -1.847 No No Mann-W

Sulfate, total (mg/L) B-13 (bg) 0.5676 No No Mann-W

Sulfate, total (mg/L) B-1B (bg) -2.426 No No Mann-W

Sulfate, total (mg/L) B-4 (bg) 0.6428 No No Mann-W

Sulfate, total (mg/L) B-5 (bg) -0.2832 No No Mann-W

Sulfate, total (mg/L) B-7A (bg) -0.3637 No No Mann-W

Sulfate, total (mg/L) B-10 -2.631 Yes Yes Mann-W

Sulfate, total (mg/L) B-11 1.345 No No Mann-W

Sulfate, total (mg/L) B-2 -0.9192 No No Mann-W

Sulfate, total (mg/L) B-6 -2.346 No No Mann-W

Sulfate, total (mg/L) B-9 2.708 Yes Yes Mann-W

Mann-Whitney - All Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:35 AM



Constituent Well Calc. 0.01 Sig. Method

Page 2

Total Dissolved Solids [TDS] (mg/L) B-12 (bg) -0.9921 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-13 (bg) -0.2126 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-1B (bg) -1.561 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-4 (bg) -2.407 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-5 (bg) -1.78 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-7A (bg) 0 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-10 -2.622 Yes Yes Mann-W

Total Dissolved Solids [TDS] (mg/L) B-11 -2.051 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-2 -0.7778 No No Mann-W

Total Dissolved Solids [TDS] (mg/L) B-6 -2.902 Yes Yes Mann-W

Total Dissolved Solids [TDS] (mg/L) B-9 1.559 No No Mann-W

Mann-Whitney - All Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 9:35 AM
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 Z = -2.758 (two-tail)

 Alpha    Table    Sig.
 0.2      1.282    Yes
 0.1      1.645    Yes
 0.05     1.96     Yes
 0.02     2.326    Yes
 0.01     2.576    Yes
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 Z = -2.631 (two-tail)

 Alpha    Table    Sig.
 0.2      1.282    Yes
 0.1      1.645    Yes
 0.05     1.96     Yes
 0.02     2.326    Yes
 0.01     2.576    Yes
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 Z = 2.708 (two-tail)

 Alpha    Table    Sig.
 0.2      1.282    Yes
 0.1      1.645    Yes
 0.05     1.96     Yes
 0.02     2.326    Yes
 0.01     2.576    Yes

0

80

160

240

320

400

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/12/19

B-10 background

B-10 compliance

background median = 275

compliance median = 249

Mann-Whitney (Wilcoxon Rank Sum)

B-10

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/8/2019 9:34 AM    View: Mann Whitney

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

 Z = -2.622 (two-tail)

 Alpha    Table    Sig.
 0.2      1.282    Yes
 0.1      1.645    Yes
 0.05     1.96     Yes
 0.02     2.326    Yes
 0.01     2.576    Yes
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 Z = -2.902 (two-tail)

 Alpha    Table    Sig.
 0.2      1.282    Yes
 0.1      1.645    Yes
 0.05     1.96     Yes
 0.02     2.326    Yes
 0.01     2.576    Yes



Constituent Well Upper Lim. Lower Lim. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Calcium, total (mg/L) B-12 75.49 n/a 14 63.47 5.376 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-13 23.53 n/a 14 13.11 4.659 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-1B 96.65 n/a 14 88.73 3.541 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-4 32.15 n/a 14 13.04 8.545 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-5 19.15 n/a 14 17.01 0.9534 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-7A 109.1 n/a 14 101.3 3.479 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-10 111.9 n/a 14 9.017 0.6971 0 None sqrt(x) 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-11 18.31 n/a 14 13.04 2.356 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-2 87.96 n/a 14 39.34 21.74 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-6 61.48 n/a 14 44.62 7.541 0 None No 0.001504 Param Intra 1 of 2

Calcium, total (mg/L) B-9 136.9 n/a 14 99.17 16.89 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-12 13.71 n/a 14 10.23 1.557 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-13 5.697 n/a 14 3.609 0.934 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-1B 5.842 n/a 14 3.346 1.116 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-4 10.83 n/a 14 67.59 22.27 0 None x^2 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-5 11.56 n/a 14 7.664 1.743 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-7A 6.865 n/a 14 4.194 1.195 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-10 11.52 n/a 14 8.17 1.496 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-11 7.726 n/a 14 5.14 1.157 0 None No 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-2 9.825 n/a 14 2.487 0.2896 0 None sqrt(x) 0.001504 Param Intra 1 of 2

Chloride, total (mg/L) B-6 12.2 n/a 14 n/a n/a 0 n/a n/a 0.008612 NP Intra (normality) 1 of 2

Chloride, total (mg/L) B-9 8.306 n/a 14 5.921 1.066 0 None No 0.001504 Param Intra 1 of 2

Fluoride, total (mg/L) B-12 1 n/a 14 n/a n/a 85.71 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-13 1 n/a 14 n/a n/a 85.71 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-1B 0.7071 n/a 14 0.43 0.1239 28.57 Kaplan-Meier No 0.001504 Param Intra 1 of 2

Fluoride, total (mg/L) B-4 1 n/a 14 n/a n/a 92.86 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-5 1 n/a 14 n/a n/a 85.71 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-7A 1 n/a 14 n/a n/a 71.43 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-10 1 n/a 14 n/a n/a 71.43 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-11 1 n/a 14 n/a n/a 92.86 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-2 1 n/a 14 n/a n/a 85.71 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-6 0.2066 n/a 14 n/a n/a 92.86 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

Fluoride, total (mg/L) B-9 1 n/a 14 n/a n/a 64.29 n/a n/a 0.008612 NP Intra  (NDs) 1 of 2

pH, field (SU) B-12 8.782 5.598 14 7.19 0.7119 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-13 7.662 3.797 14 5.729 0.8643 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-1B 8.4 6.162 14 7.281 0.5005 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-4 7.889 6.162 14 7.026 0.3862 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-5 6.814 4.285 14 5.549 0.5654 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-7A 7.877 6.488 14 7.183 0.3105 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-10 8.798 5.942 14 7.37 0.6385 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-11 6.964 4.84 15 5.902 0.4841 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-2 7.278 5.226 15 6.252 0.4681 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-6 7.368 6.129 15 6.749 0.2825 0 None No 0.000752 Param Intra 1 of 2

pH, field (SU) B-9 8.481 6.162 14 7.321 0.5186 0 None No 0.000752 Param Intra 1 of 2

Sulfate, total (mg/L) B-12 19.27 n/a 14 11.08 3.662 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-13 37.26 n/a 14 20.67 7.419 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-1B 28.09 n/a 14 21.66 2.876 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-4 16.46 n/a 14 9.979 2.9 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-5 243.3 n/a 14 200 19.34 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-7A 37.07 n/a 14 33.16 1.747 0 None No 0.001504 Param Intra 1 of 2

Intrawell Prediction Limit Summary
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/24/2019, 9:43 AM



Constituent Well Upper Lim. Lower Lim. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Page 2

Sulfate, total (mg/L) B-10 39.39 n/a 14 29.63 4.368 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-11 65.67 n/a 14 43.11 10.09 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-2 803 n/a 14 5.276 0.6315 0 None ln(x) 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-6 42.34 n/a 14 25.34 7.606 0 None No 0.001504 Param Intra 1 of 2

Sulfate, total (mg/L) B-9 37.64 n/a 14 22.71 6.675 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-12 323.3 n/a 14 252.4 31.73 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-13 119.5 n/a 14 75.14 19.83 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-1B 316.8 n/a 14 272.6 19.73 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-4 121.6 n/a 14 76.79 20.03 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-5 447.2 n/a 14 395.5 23.14 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-7A 339 n/a 14 312.1 12.01 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-10 314.7 n/a 14 267.7 21.01 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-11 193.2 n/a 14 132.3 27.26 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-2 1409 n/a 14 7.823 1.515 0 None x^(1/3) 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-6 292.3 n/a 14 194.9 43.59 0 None No 0.001504 Param Intra 1 of 2

Total Dissolved Solids [TDS] (mg/L) B-9 293.4 n/a 14 239.4 24.16 0 None No 0.001504 Param Intra 1 of 2

Intrawell Prediction Limit Summary
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/24/2019, 9:43 AM
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Constituent: Calcium, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=63.47, Std. Dev.=5.376, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9304, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Calcium, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=13.11, Std. Dev.=4.659, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8857, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Calcium, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=88.73, Std. Dev.=3.541, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9715, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Calcium, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=13.04, Std. Dev.=8.545, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8778, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=17.01, Std. Dev.=0.9534, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9715, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.

0

22

44

66

88

110

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/11/19

B-7A background

Limit = 109.1

Prediction Limit

Intrawell Parametric, B-7A (bg)

Constituent: Calcium, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell
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Background Data Summary: Mean=101.3, Std. Dev.=3.479, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9601, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary (based on square root transformation): Mean=9.017, Std. Dev.=0.6971, n=14.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.8359, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=13.04, Std. Dev.=2.356, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9637, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=39.34, Std. Dev.=21.74, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8965, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=44.62, Std. Dev.=7.541, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9402, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=99.17, Std. Dev.=16.89, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8298, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=10.23, Std. Dev.=1.557, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9508, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=3.609, Std. Dev.=0.934, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8984, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=3.346, Std. Dev.=1.116, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9111, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary (based on square transformation): Mean=67.59, Std. Dev.=22.27, n=14.    Normality test:  
Shapiro Wilk @alpha = 0.01, calculated = 0.8593, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha =  
0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=7.664, Std. Dev.=1.743, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8593, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=4.194, Std. Dev.=1.195, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8442, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=8.17, Std. Dev.=1.496, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9256, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=5.14, Std. Dev.=1.157, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8838, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary (based on square root transformation): Mean=2.487, Std. Dev.=0.2896, n=14.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.8315, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Non-parametric test used in lieu of parametric prediction limit because the Shapiro Wilk normality test showed the data  
to be non-normal at the 0.01 alpha level.  Limit is highest of 14 background values.  Well-constituent pair annual alpha  
= 0.01715.  Individual comparison alpha = 0.008612 (1 of 2).  Assumes 1 future value.
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Background Data Summary: Mean=5.921, Std. Dev.=1.066, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9146, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  85.71% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  85.71% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Background Data Summary (after Kaplan-Meier Adjustment): Mean=0.43, Std. Dev.=0.1239, n=14, 28.57% NDs.     
Normality test: Shapiro Wilk @alpha = 0.01, calculated = 0.8263, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2,  
event alpha = 0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  92.86% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  85.71% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  71.43% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.



0

0.2

0.4

0.6

0.8

1

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/12/19

B-10 background

Limit = 1

Prediction Limit

Intrawell Non-parametric, B-10

Constituent: Fluoride, total    Analysis Run 12/24/2019 9:39 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  71.43% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  92.86% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  85.71% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  92.86% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Hollow symbols indicate censored values.

Non-parametric test used in lieu of parametric prediction limit because censored data exceeded 50%.  Limit is highest  
of 14 background values.  64.29% NDs.  Well-constituent pair annual alpha = 0.01715.  Individual comparison alpha =  
0.008612 (1 of 2).  Assumes 1 future value.
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Background Data Summary: Mean=7.19, Std. Dev.=0.7119, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.935, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=5.729, Std. Dev.=0.8643, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8605, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=7.281, Std. Dev.=0.5005, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9765, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=7.026, Std. Dev.=0.3862, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9438, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=5.549, Std. Dev.=0.5654, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8679, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=7.183, Std. Dev.=0.3105, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9601, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=7.37, Std. Dev.=0.6385, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9365, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=5.902, Std. Dev.=0.4841, n=15.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9382, critical = 0.835.    Kappa = 2.193 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

S
U

Background Data Summary: Mean=6.252, Std. Dev.=0.4681, n=15.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9105, critical = 0.835.    Kappa = 2.193 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.

0

1.6

3.2

4.8

6.4

8

5/24/16 12/14/16 7/6/17 1/27/18 8/19/18 3/12/19

B-6 background

Limit = 7.368

Limit = 6.129

Prediction Limit

Intrawell Parametric, B-6

Constituent: pH, field    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=6.749, Std. Dev.=0.2825, n=15.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9252, critical = 0.835.    Kappa = 2.193 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Intrawell Parametric, B-9

Constituent: pH, field    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=7.321, Std. Dev.=0.5186, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9709, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=11.08, Std. Dev.=3.662, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9682, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Intrawell Parametric, B-13 (bg)

Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=20.67, Std. Dev.=7.419, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9262, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=21.66, Std. Dev.=2.876, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9061, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=9.979, Std. Dev.=2.9, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9359, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=200, Std. Dev.=19.34, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9533, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.

0

7.6

15.2

22.8

30.4

38

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/11/19

B-7A background

Limit = 37.07

Prediction Limit

Intrawell Parametric, B-7A (bg)
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=33.16, Std. Dev.=1.747, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9096, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Intrawell Parametric, B-10

Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary: Mean=29.63, Std. Dev.=4.368, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9757, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=43.11, Std. Dev.=10.09, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9595, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG
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Background Data Summary (based on natural log transformation): Mean=5.276, Std. Dev.=0.6315, n=14.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.8327, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Constituent: Sulfate, total    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=25.34, Std. Dev.=7.606, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9576, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF

Sanitas™ v.9.6.23e Sanitas software utilized by Groundwater Stats Consulting. UG

m
g

/L

Background Data Summary: Mean=22.71, Std. Dev.=6.675, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9143, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=252.4, Std. Dev.=31.73, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9513, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=75.14, Std. Dev.=19.83, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9584, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.

0

64

128

192

256

320

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/12/19

B-1B background

Limit = 316.8

Prediction Limit

Intrawell Parametric, B-1B (bg)

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell

Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF
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Background Data Summary: Mean=272.6, Std. Dev.=19.73, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.8983, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=76.79, Std. Dev.=20.03, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9249, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=395.5, Std. Dev.=23.14, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.921, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=312.1, Std. Dev.=12.01, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9386, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.

0

64

128

192

256

320

5/25/16 12/15/16 7/7/17 1/27/18 8/19/18 3/12/19

B-10 background

Limit = 314.7

Prediction Limit

Intrawell Parametric, B-10

Constituent: Total Dissolved Solids [TDS]    Analysis Run 12/24/2019 9:40 AM    View: PLs - Intrawell
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Background Data Summary: Mean=267.7, Std. Dev.=21.01, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.984, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=132.3, Std. Dev.=27.26, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9087, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary (based on cube root transformation): Mean=7.823, Std. Dev.=1.515, n=14.    Normality  
test: Shapiro Wilk @alpha = 0.01, calculated = 0.8281, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha  
= 0.05132).  Report alpha = 0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=194.9, Std. Dev.=43.59, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9486, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.
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Background Data Summary: Mean=239.4, Std. Dev.=24.16, n=14.    Normality test: Shapiro Wilk @alpha = 0.01,  
calculated = 0.9559, critical = 0.825.    Kappa = 2.236 (c=7, w=5, 1 of 2, event alpha = 0.05132).  Report alpha =  
0.001504.  Assumes 1 future value.



Constituent Well Slope Calc. Critical Sig. N %NDs Normality Xform Alpha Method

Boron, total (mg/L) B-12 (bg) 0.001833 35 58 No 16 6.25 n/a n/a 0.01 NP

Boron, total (mg/L) B-13 (bg) 0.001928 25 58 No 16 12.5 n/a n/a 0.01 NP

Boron, total (mg/L) B-1B (bg) 0.0004874 32 58 No 16 6.25 n/a n/a 0.01 NP

Boron, total (mg/L) B-4 (bg) 0.007867 44 58 No 16 0 n/a n/a 0.01 NP

Boron, total (mg/L) B-5 (bg) 0.004951 43 58 No 16 12.5 n/a n/a 0.01 NP

Boron, total (mg/L) B-7A (bg) 0 12 58 No 16 12.5 n/a n/a 0.01 NP

Trend Test Summary Table - All Results
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 12:02 PM
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n = 16

Slope = 0.001833
units per year.

Mann-Kendall
statistic = 35
critical = 58

Trend not sig-
nificant at 99%
confidence level
(α = 0.005 per
tail).

Hollow symbols indicate censored values.
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n = 16

Slope = 0.001928
units per year.

Mann-Kendall
statistic = 25
critical = 58

Trend not sig-
nificant at 99%
confidence level
(α = 0.005 per
tail).

Hollow symbols indicate censored values.
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n = 16

Slope = 0.0004874
units per year.

Mann-Kendall
statistic = 32
critical = 58

Trend not sig-
nificant at 99%
confidence level
(α = 0.005 per
tail).

Hollow symbols indicate censored values.
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n = 16

Slope = 0.007867
units per year.

Mann-Kendall
statistic = 44
critical = 58

Trend not sig-
nificant at 99%
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Constituent Well Upper Lim. Sig. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Boron, total (mg/L) n/a 0.0588 n/a 84 n/a n/a 0 n/a n/a 0.0002746 NP (normality) 1 of 2

Interwell Prediction Limit Summary
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 11:47 AM



Constituent Well Upper Lim. Bg N Bg Mean Std. Dev. %NDs ND Adj. Transform Alpha Method

Antimony, total (mg/L) n/a 0.005 90 n/a n/a 74.44 n/a n/a 0.009888 NP Inter(normality)

Arsenic, total (mg/L) n/a 0.008 90 n/a n/a 57.78 n/a n/a 0.009888 NP Inter(normality)

Barium, total (mg/L) n/a 0.131 90 n/a n/a 0 n/a n/a 0.009888 NP Inter(normality)

Beryllium, total (mg/L) n/a 0.001 90 n/a n/a 32.22 n/a n/a 0.009888 NP Inter(normality)

Cadmium, total (mg/L) n/a 0.001 90 n/a n/a 57.78 n/a n/a 0.009888 NP Inter(normality)

Chromium, total (mg/L) n/a 0.005071 89 0.1085 0.03253 10.11 None x^(1/3) 0.05 Inter

Cobalt, total (mg/L) n/a 0.005202 89 -7.438 1.12 3.371 None ln(x) 0.05 Inter

Combined Radium 226 + 228 (pCi/L) n/a 9.419 84 0.4635 0.9102 1.19 None ln(x) 0.05 Inter

Fluoride, total (mg/L) n/a 1 96 n/a n/a 69.79 n/a n/a 0.007269 NP Inter(normality)

Lead, total (mg/L) n/a 0.005 89 n/a n/a 51.69 n/a n/a 0.01041 NP Inter(normality)

Lithium, total (mg/L) n/a 0.05 90 n/a n/a 8.889 n/a n/a 0.009888 NP Inter(normality)

Mercury, total (mg/L) n/a 0.000096 90 n/a n/a 56.67 n/a n/a 0.009888 NP Inter(normality)

Molybdenum, total (mg/L) n/a 0.01 90 n/a n/a 63.33 n/a n/a 0.009888 NP Inter(normality)

Selenium, total (mg/L) n/a 0.0392 90 n/a n/a 62.22 n/a n/a 0.009888 NP Inter(normality)

Thallium, total (mg/L) n/a 0.002 90 n/a n/a 85.56 n/a n/a 0.009888 NP Inter(NDs)

Tolerance Limit Summary Table
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 3:50 PM



Constituent Name MCL
CCR-Rule 
Specified

Background 
Limit GWPS

Antimony, Total (mg/L) 0.006 0.005 0.006
Arsenic, Total (mg/L) 0.01 0.008 0.01
Barium, Total (mg/L) 2 0.13 2

Beryllium, Total (mg/L) 0.004 0.001 0.004
Cadmium, Total (mg/L) 0.005 0.001 0.005
Chromium, Total (mg/L) 0.1 0.0051 0.1

Cobalt, Total (mg/L) n/a 0.006 0.0052 0.006
Combined Radium, Total (pCi/L) 5 9.42 9.42

Fluoride, Total (mg/L) 4 1 4
Lead, Total (mg/L) 0.015 0.005 0.015

Lithium, Total (mg/L) n/a 0.04 0.05 0.05
Mercury, Total (mg/L) 0.002 0.000096 0.002

Molybdenum, Total (mg/L) n/a 0.1 0.01 0.1
Selenium, Total (mg/L) 0.05 0.039 0.05
Thallium, Total (mg/L) 0.002 0.002 0.002

*Grey cell indicates ACL is higher than MCL.
*MCL = Maximum Contaminant Level
*GWPS = Groundwater Protection Standard

FLINT CREEK LANDFILL GWPS



Constituent Well Upper Lim. Lower Lim. Compliance Sig. N Mean Std. Dev. %NDs ND Adj.Transform Alpha Method

Antimony, total (mg/L) B-10 0.005 0.00011 0.006 No 15 0.003701 0.00223 73.33 None No 0.01 NP (normality)

Antimony, total (mg/L) B-11 0.005 0.0002 0.006 No 15 0.003713 0.002194 86.67 None No 0.01 NP (NDs)

Antimony, total (mg/L) B-2 0.005 0.0001 0.006 No 15 0.002585 0.002257 53.33 None No 0.01 NP (Cohens/xfrm)

Antimony, total (mg/L) B-6 0.005 0.00008 0.006 No 15 0.003473 0.002259 73.33 None No 0.01 NP (normality)

Antimony, total (mg/L) B-9 0.005 0.0005 0.006 No 15 0.003506 0.002205 80 None No 0.01 NP (NDs)

Arsenic, total (mg/L) B-10 0.006 0.00067 0.01 No 15 0.003564 0.002058 53.33 None No 0.01 NP (normality)

Arsenic, total (mg/L) B-11 0.007 0.00055 0.01 No 14 0.003454 0.002312 50 None No 0.01 NP (normality)

Arsenic, total (mg/L) B-2 0.008 0.0004 0.01 No 15 0.003648 0.004383 26.67 None No 0.01 NP (Cohens/xfrm)

Arsenic, total (mg/L) B-6 0.005 0.00051 0.01 No 15 0.002773 0.00205 40 None No 0.01 NP (normality)

Arsenic, total (mg/L) B-9 0.005 0.00111 0.01 No 15 0.003242 0.001958 53.33 None No 0.01 NP (normality)

Barium, total (mg/L) B-10 0.08048 0.07518 2 No 13 0.07783 0.003569 0 None No 0.01 Param.

Barium, total (mg/L) B-11 0.145 0.1093 2 No 14 0.1271 0.02521 0 None No 0.01 Param.

Barium, total (mg/L) B-2 0.1157 0.05487 2 No 14 0.09198 0.05817 0 None ln(x) 0.01 Param.

Barium, total (mg/L) B-6 0.06802 0.05048 2 No 15 0.05925 0.01295 0 None No 0.01 Param.

Barium, total (mg/L) B-9 0.1621 0.1385 2 No 15 0.1505 0.01778 0 None sqrt(x) 0.01 Param.

Beryllium, total (mg/L) B-10 0.001 0.000049150.004 No 15 0.0005733 0.0004399 66.67 None No 0.01 NP (normality)

Beryllium, total (mg/L) B-11 0.0006942 0.0002667 0.004 No 14 0.0005489 0.0004836 0 None ln(x) 0.01 Param.

Beryllium, total (mg/L) B-2 0.0002973 0.0001312 0.004 No 14 0.0002677 0.0002699 0 None No 0.01 NP (normality)

Beryllium, total (mg/L) B-6 0.0003454 0.000070150.004 No 15 0.0002347 0.0002642 13.33 None sqrt(x) 0.01 Param.

Beryllium, total (mg/L) B-9 0.001 0.00003 0.004 No 15 0.0004197 0.0004528 46.67 None No 0.01 NP (normality)

Cadmium, total (mg/L) B-10 0.001 0.00005 0.005 No 15 0.0007142 0.0004279 73.33 None No 0.01 NP (normality)

Cadmium, total (mg/L) B-11 0.0007086 0.0001489 0.005 No 14 0.0004982 0.000539 0 None x^(1/3) 0.01 Param.

Cadmium, total (mg/L) B-2 0.001 0.00005 0.005 No 15 0.0005712 0.0004635 46.67 None No 0.01 NP (normality)

Cadmium, total (mg/L) B-6 0.001 0.00008 0.005 No 15 0.0005437 0.0004471 53.33 None No 0.01 NP (normality)

Cadmium, total (mg/L) B-9 0.001 0.0002 0.005 No 15 0.0007693 0.0003975 86.67 None No 0.01 NP (NDs)

Chromium, total (mg/L) B-10 0.001492 0.000521 0.1 No 13 0.001006 0.0006529 0 None No 0.01 Param.

Chromium, total (mg/L) B-11 0.006423 0.001484 0.1 No 14 0.005403 0.006635 0 None ln(x) 0.01 Param.

Chromium, total (mg/L) B-2 0.004987 0.002054 0.1 No 13 0.003628 0.002327 0 None sqrt(x) 0.01 Param.

Chromium, total (mg/L) B-6 0.005371 0.002526 0.1 No 15 0.004085 0.002403 0 None sqrt(x) 0.01 Param.

Chromium, total (mg/L) B-9 0.002965 0.001577 0.1 No 15 0.002271 0.001024 0 None No 0.01 Param.

Cobalt, total (mg/L) B-10 0.001046 0.0003992 0.006 No 14 0.0007224 0.0004563 7.143 None No 0.01 Param.

Cobalt, total (mg/L) B-11 0.002024 0.0003276 0.006 No 14 0.001437 0.001816 0 None x^(1/3) 0.01 Param.

Cobalt, total (mg/L) B-2 0.002961 0.000286 0.006 No 14 0.002221 0.003977 0 None x^(1/3) 0.01 Param.

Cobalt, total (mg/L) B-6 0.00233 0.000713 0.006 No 15 0.001522 0.001193 0 None No 0.01 Param.

Cobalt, total (mg/L) B-9 0.001371 0.0005716 0.006 No 15 0.0009714 0.00059 0 None No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-10 1.505 0.722 9.42 No 14 1.113 0.5527 0 None No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-11 1.711 0.6529 9.42 No 12 1.182 0.674 0 None No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-2 2.499 1.255 9.42 No 14 1.922 0.9752 0 None sqrt(x) 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-6 1.145 0.5735 9.42 No 12 0.8594 0.3644 0 None No 0.01 Param.

Combined Radium 226 + 228 (pCi/L) B-9 1.803 0.5641 9.42 No 13 1.184 0.8331 0 None No 0.01 Param.

Fluoride, total (mg/L) B-10 1 0.2319 4 No 16 0.7545 0.38 68.75 None No 0.01 NP (normality)

Fluoride, total (mg/L) B-11 1 0.04 4 No 16 0.88 0.3279 87.5 None No 0.01 NP (NDs)

Fluoride, total (mg/L) B-2 1 0.3361 4 No 16 0.8435 0.3408 81.25 None No 0.01 NP (NDs)

Fluoride, total (mg/L) B-6 1 0.2066 4 No 16 0.8398 0.3464 87.5 None No 0.01 NP (NDs)

Fluoride, total (mg/L) B-9 1 0.1884 4 No 16 0.7077 0.394 62.5 None No 0.01 NP (normality)

Lead, total (mg/L) B-10 0.005 0.0003 0.015 No 15 0.00312 0.002162 60 None No 0.01 NP (normality)

Lead, total (mg/L) B-11 0.006 0.000416 0.015 No 14 0.003139 0.002792 28.57 None No 0.01 NP (Cohens/xfrm)

Lead, total (mg/L) B-2 0.005 0.0002 0.015 No 14 0.002829 0.003513 28.57 None No 0.01 NP (Cohens/xfrm)

Lead, total (mg/L) B-6 0.002459 0.0006731 0.015 No 15 0.00171 0.00145 6.667 None sqrt(x) 0.01 Param.

Lead, total (mg/L) B-9 0.005 0.000693 0.015 No 15 0.003002 0.00222 60 None No 0.01 NP (normality)

Lithium, total (mg/L) B-10 0.01 0.00169 0.05 No 15 0.007401 0.01239 6.667 None No 0.01 NP (normality)

Lithium, total (mg/L) B-11 0.00899 0.002358 0.05 No 14 0.00744 0.008724 0 None ln(x) 0.01 Param.

Lithium, total (mg/L) B-2 0.01161 0.002431 0.05 No 15 0.01027 0.01351 6.667 None ln(x) 0.01 Param.

Lithium, total (mg/L) B-6 0.0038 0.0008463 0.05 No 14 0.005464 0.01287 7.143 None No 0.01 NP (normality)

Lithium, total (mg/L) B-9 0.009 0.00241 0.05 No 15 0.007772 0.01221 6.667 None No 0.01 NP (normality)

Confidence Interval Summary Table - All Results (No Significant)
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 12:00 PM



Constituent Well Upper Lim. Lower Lim. Compliance Sig. N Mean Std. Dev. %NDs ND Adj.Transform Alpha Method

Page 2

Mercury, total (mg/L) B-10 0.000025 0.000016 0.002 No 15 0.00002178 0.000005834 66.67 None No 0.01 NP (normality)

Mercury, total (mg/L) B-11 0.000025 0.000024580.002 No 14 0.00002493 1.8e-7 85.71 None No 0.01 NP (NDs)

Mercury, total (mg/L) B-2 0.000027 0.000012520.002 No 15 0.00002334 0.00001 60 None No 0.01 NP (normality)

Mercury, total (mg/L) B-6 0.000025 0.000007380.002 No 15 0.00001544 0.000008342 40 None No 0.01 NP (normality)

Mercury, total (mg/L) B-9 0.000025 0.000014720.002 No 15 0.00002244 0.000005506 80 None No 0.01 NP (NDs)

Molybdenum, total (mg/L) B-10 0.005 0.00092 0.1 No 15 0.002665 0.003203 13.33 None No 0.01 NP (normality)

Molybdenum, total (mg/L) B-11 0.01 0.0003706 0.1 No 15 0.003715 0.002668 66.67 None No 0.01 NP (normality)

Molybdenum, total (mg/L) B-2 0.00388 0.000828 0.1 No 15 0.002644 0.002729 13.33 None sqrt(x) 0.01 Param.

Molybdenum, total (mg/L) B-6 0.005 0.0005 0.1 No 15 0.002431 0.002802 40 None No 0.01 NP (normality)

Molybdenum, total (mg/L) B-9 0.01 0.0008719 0.1 No 15 0.006527 0.008516 73.33 None No 0.01 NP (normality)

Selenium, total (mg/L) B-10 0.005 0.0004 0.05 No 15 0.003767 0.002118 73.33 None No 0.01 NP (normality)

Selenium, total (mg/L) B-11 0.00476 0.002361 0.05 No 15 0.003293 0.001377 26.67 Cohen`sNo 0.01 Param.

Selenium, total (mg/L) B-2 0.03288 0.01037 0.05 No 15 0.02412 0.02155 0 None x^(1/3) 0.01 Param.

Selenium, total (mg/L) B-6 0.003311 0.001678 0.05 No 15 0.002494 0.001205 6.667 None No 0.01 Param.

Selenium, total (mg/L) B-9 0.005 0.0008 0.05 No 15 0.003847 0.001984 80 None No 0.01 NP (NDs)

Thallium, total (mg/L) B-10 0.002 0.00136 0.002 No 15 0.001726 0.0006219 86.67 None No 0.01 NP (NDs)

Thallium, total (mg/L) B-11 0.002 0.001 0.002 No 15 0.001635 0.000662 86.67 None No 0.01 NP (NDs)

Thallium, total (mg/L) B-2 0.002 0.0005 0.002 No 15 0.001529 0.0007166 80 None No 0.01 NP (NDs)

Thallium, total (mg/L) B-6 0.002 0.001 0.002 No 15 0.001601 0.0006496 80 None No 0.01 NP (NDs)

Thallium, total (mg/L) B-9 0.002 0.001044 0.002 No 15 0.001673 0.0006346 80 None No 0.01 NP (NDs)

Confidence Interval Summary Table - All Results (No Significant)
Flint Creek LF     Client: Geosyntec     Data: Flint Creek LF     Printed 12/8/2019, 12:00 PM
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1.0 OBJECTIVE 257.73(d) 
This report was prepared by AEP- Geotechnical Engineering Services (GES) section to fulfill requirements 
of CFR 257.73(d) and document whether the design, construction, operations, and maintenance of the 
CCR unit is consistent with recognized and generally accepted good engineering practices. This is the 
initial assessment as per the Rule. 

2.0 NAME AND DESCRIPTION OF CCR SURFACE IMPOUNDMENT 
The Flint Creek Power Plant is located near the City of Gentry, Benton County, Arkansas. 
It is owned and operated by Southwestern Electric Power Company (SWEPCO). The facility operates one 
surface impoundment for storing CCR called the Primary Ash Pond. 
 
The Primary Ash Pond dam is a cross valley dam on a tributary to the Little Flint Creek.  The dam is 45 
feet high and has side slopes of 3H:1V. The downstream slope is partially submerged by the Little Flint 
Creek Reservoir.  

3.0 STABLE FOUNDATION AND ABUTMENTS 257.73(d)(1)(i) 
[Was the facility designed for and constructed on stable foundations and abutments? Describe 
any foundation improvements required as part of construction.]    

Based on the design drawings, a foundation key was constructed along the centerline of the dam.  The 
key was excavated 6-8 feet below existing ground.  The construction specifications required the area 
beneath the extent of the dike to be stripped of all organics and vegetation.  After stripping and prior 
to placing compacted fill, the specifications required proofrolling of the subgrade. 
 
Based on recent subsurface investigations, the relative density and description of the foundation 
materials are adequate for this CCR unit.  

4.0 SLOPE PROTECTION 257.73(d)(1)(ii) 
[Describe the slope protection measures on the upstream and downstream slopes.] 

The unit has been constructed with a layer of riprap on both the upstream slope and downstream slope 
for protection against erosion and wave action.  The current condition of the riprap layer is adequate. 
The remaining sections of the slopes above the riprap is vegetated and maintained.  Any erosion that 
may occur is repaired within a timely period. 

5.0 EMBANKMENT CONSTRUCTION 257.73 (d)(1)(iii) 
[Describe the specifications for compaction and/or recent boring to give a relative comparison 
of density.] 

The design drawings show that the embankment materials were to be compacted to 90% Modified 
proctor density.  Recent borings through the embankment indicate that the material is stiff and 
representative of compacted earthen materials.  

6.0 VEGETATION CONTROL 257.73 (d)(1)(iv) 
[Describe the maintenance plan for vegetative cover.] 
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The vegetative areas are mowed to facilitate inspections and maintain the growth of the vegetative 
layer; and prevent the growth of woody vegetation. 

7.0 SPILLWAY SYSTEM 257.73(d)(1)(v) 
[Describe the spillway system and its capacity to pass the Inflow Design Flood as per its Hazard 
Classification.]   

The spillway system consists of a primary weir box and pipe for normal operations and an open channel 
spillway to pass flood events.  The CCR unit has a Low Hazard rating and design flood is the 100-year 
flood.  The facility can safely pass this flood as well as the full PMF without overtopping the dam crest. 

8.0 BURIED HYDRAULIC STRUCTURES 257.73 (d)(1)(vi) 
[Describe the condition of the sections of any hydraulic structure that in buried beneath and/or 
in the embankment.]   
 
There are no pipes that are part of the spillway system that are buried within or beneath the 
embankment. 

  

9.0 SUDDEN DRAWDOWN 257.73 (d)(1)(vii) 
[If the downstream slope is susceptible to inundation, discuss the stability due to a sudden 
drawdown.]  
 
The downslope is partially inundated by the Little Flint Creek reservoir.  The reservoir is used to supply 
the power plant with a source of water for operations.  The principal/emergency spillway is a concrete 
overflow section that is only activated during large precipitation events.  The overflow section has only 
operated 2 times since the construction of the dam.  The pool level is maintained by the plant via 
pumps for the operation of the plant.  The reservoir area and volume is large compared to the pump 
capacity of the plant.  Therefore, the condition for a sudden drawdown of the reservoir is not feasible. 
The dam for the primary bottom ash pond was designed for the normal fluctuations of the Little Flint 
Creek Reservoir.   
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1.0 Introduction and Background 

This report presents the results of AECOM’s review and independent analyses of the geotechnical 

investigation in Flint Creek Power Station, Existing Ash Storage Ponds Embankment Investigation 

prepared by ETTL Engineers & Consultants, Inc. (ETTL) on August 18, 2010.  The Flint Creek Power 

Station is located at 21797 SWEPCO Plant Road in Benton County, Arkansas, near Gentry.  The power 

plant is located on the northeast side of Lake Flint Creek, which serves as the cooling water source for 

the power plant.  The Primary and Secondary Ash Ponds are located to the south of the plant on the east 

side of the Little Flint Creek Reservoir (see site plan on cover page).  ETTL (2010) evaluated the 

subsurface stratigraphy within the limits of borings; evaluated the classification, strength and permeability 

characteristics of the embankment and foundation soils; and performed slope stability and seepage 

analyses of the existing embankments.    

  

1.1 Purpose 

AECOM was contracted to perform evaluations and verify that the United States Environmental 

Protection Agency (USEPA) Coal Combustion Residuals (CCR) rule’s minimum requirements for 

structural stability are met for the following conditions in Section 257.73 for the Bottom Ash Complex 

(Primary and Secondary Ash Ponds) at the Flint Creek Power Plant near Gentry, Arkansas: 

a. The calculated Factor of Safety (FoS) under the steady state, long term, maximum storage pool 

loading condition must equal or exceed 1.50;  

b. The calculated FoS under the short term, surcharge pool loading condition must equal or exceed 

1.40; 

c. The calculated pseudostatic seismic FoS must equal or exceed 1.00; 

d. For dikes constructed of soils that have susceptibility to liquefaction, the calculated liquefaction 

FoS (also known as post-earthquake slope stability FoS) must equal or exceed 1.20.  

 

2.0 Evaluation of Analysis Parameters 

AECOM conducted a review of Flint Creek Power Station, Existing Ash Storage Ponds Embankment 
Investigation (ETTL, 2010) for this study.  Specifically, AECOM examined the existing geotechnical 

information and performed an assessment as to whether the information is sufficient to perform 

independent slope stability analyses, or whether additional investigation and laboratory analyses are 

required in order to complete the required analyses. 

 

2.1 Soil Parameters 

The fill material in the embankment consists primarily of stiff to very stiff lean clay (CL) or fat clay (CH) 

with gravel and medium dense clayey gravel (GC) or clayey sand (SC).  The native soils underlying the 

fills are predominantly clayey gravel (GC) and hard lean clay (CL) with gravel over the limestone 

formation.  ETTL performed three triaxial tests under drained and undrained conditions to obtain shear 

strength parameters at the site.  In areas where triaxial tests could not be performed (areas with 

significant gravel), ETTL chose the average shear strength values of the fill and native soils based on soil 
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types and Standard Penetration Test (SPT) blow count correlations.  These results are shown in Table 1 

below.     

Table 1. Summary of Soil Test Results (ETTL, 2010) 

Pond 
Material 

Type 

Effective Stress Parameters Total Stress Parameters 

Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Primary 
Ash Pond 

Fill 129 24 460 129 14.1 575 

Native Soil 130 33 90 130 18.3 275 

Native Rock 148 38.5 1000 148 38.5 1000 

Secondary 
Ash Pond 

Fill 130 33.7 0 130 15.9 345 

Native Soil 130 33 90 130 18.3 275 

Native Rock 148 38.5 1000 148 38.5 1000 

 

The results of the Isotropically Consolidated Undrained (CIU) triaxial tests were plotted by AECOM on p’-

q and p-q plots (see Figures 1 and 2).  Failure was defined using the maximum stress difference criteria 

(σ1 - σ3 or the maximum deviator stress), as the ETTL report does not contain sufficient data to also 

define failure using the maximum ratio of principal effective stresses during the triaxial test (σ1 / σ3 or 

maximum obliquity).  Failure at maximum deviator stress was plotted as a single point for the two different 

material types (fill and residuum/native soil) present at both ponds.  In reviewing Figures 1 and 2, AECOM 

found that the embankment fill and residuum soils all plotted consistently on a single failure envelope for 

both ponds, indicating that the two materials have similar shear strengths.  This is not unexpected as the 

embankment fills are most likely well-compacted residuum.  Appendix A presents the background and 

findings for the development of the design shear strengths.  Table 2 provides a summary of the soil 

parameters selected by AECOM for our independent analyses.    

Table 2. Summary of Soil Parameters Selected by AECOM 

Pond 
Material 

Type 

Effective Stress Parameters Total Stress Parameters 

Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Primary 
and 

Secondary 
Ash 

Ponds 

Fill and 
Native Soil 

130 31 50 130 14 500 

Native Rock 148 38.5 1000 148 38.5 1000 

Riprap 130 40 0 130 40 0 

 

For the slope stability analyses, ETTL reduced the shear strength parameters (shown in Table 1) by 15% 

in an attempt to accommodate potential variations in the soil as well as to compensate for the limited 
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amount of data.  AECOM has not typically reduced the shear strength data in the past based on sparse 

data and instead has used the peak shear strengths (as shown in Table 2) for our independent slope 

stability analyses.  AECOM also included a 2 foot thick layer of riprap along the downstream face of the 

slope extending from the top of the dam to the toe.  The riprap face was observed during the site visit as 

well as from aerial imagery in Google Earth.  The parameters assumed for the riprap are provided in 

Table 2 and were developed using engineering judgment and experience.  AECOM also reviewed ETTL’s 

shear strength values for Native Rock, and found them to be somewhat conservative for weathered 

limestone. However, the strength of the Native Rock is unlikely to substantially affect the slope stability 

analyses, as most slip surfaces will be confined to the lower-strength fill and residuum.          

ETTL used effective stress parameters for steady state and seismic conditions, and total stress 

parameters for drawdown conditions.  AECOM agrees that effective stress parameters should be used in 

steady state conditions; however total stress parameters should be used in seismic conditions.  Typically, 

seismic loading occurs rapidly enough that induced excess pore water pressures do not have time to 

dissipate and undrained conditions and soil strengths are applicable.  An analysis of drawdown conditions 

is not required by the CCR Rule, and has not been performed by AECOM.   

 

2.2 Water Levels 

A summary of the water levels for this project is shown in Table 3.  All elevations listed in this report are 

given in feet above mean sea level (MSL).  Currently, neither pond is on the Arkansas Natural Resources 

Commission’s (ANRC) list of dams, and therefore does not have a State hazard classification, which 

would determine the design inflow event.  AEP has recently conducted a Hazard Classification for both 

ponds per the EPA CCR Rule and determined that both ponds classify as “Low” hazard, which would 

correspond to a 100-year flood event.  That event and higher intensity storms up to the full (Probable 

Maximum Flood) PMF were analyzed in the latest hydraulic report available for the site (the Hydraulic 
Analysis of Flint Creek Power Plant Ash Ponds by Freese and Nichols (2011)).  For conservatism, AEP 

has requested that the ponds be analyzed with the pool elevation corresponding to the 50% PMF event.  

The steady state pool elevations are based on normal operating levels reported by AEP.  Seasonal 

variations in the lake level (tailwater) ranges from 1130 feet MSL in October through December to 1137 

feet MSL in May.  ETTL used 1140 feet MSL (spillway elevation) for the lake level in their analyses.   

Table 3. Summary of Water Levels 

Ash Pond 

Headwater (feet MSL) Tailwater (feet MSL) 

Normal 
(Steady State) 

Flood 
(50% PMF) 

Normal 
and Flood 

Seasonal Lake 
Variation 

Primary 
Ash Pond 

1146 1151.96 1130 1130 – 1137 

Secondary 
Ash Pond  

1143 1150.8 1130 1130 – 1137  

Note:  100-year headwater elevations for the two ponds are 1149.48’ and 1148.35’ for the Primary and Secondary Ponds 

respectively. 

2.3 Seismic Design Parameters and Liquefaction 
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ETTL determined that under the International Building Code methodology (IBC), the embankment soils 

are Site Class D (Stiff Soil Profile).  In their seismic analyses, they used the IBC methodology to establish 

the maximum earthquake spectral response acceleration parameter, SMS, equal to 0.217 for 10% 

probability of exceedance in 50 years.  ETTL used the computer program, GSTABL7, to evaluate slope 

stability.  Pseudostatic earthquake (seismic) analyses are performed in this program with the input of a 

pseudostatic coefficient.  There are numerous references for selecting the pseudostatic coefficient, kh, 

based on the Peak Ground Acceleration (PGA), with most ranging from 1/3 to 2/3.  Since the USEPA 

CCR rule does not stipulate a value for kh and since there is no formal, definitive reference on it, the 

selection of kh can be left up to the experience of the user.  Based on AECOM’s past experiences and 

popular references such as Hynes-Griffin and Franklin (1984) and Kramer (1996), half of the PGA tends 

to be a reasonable estimate for the pseudostatic coefficient for earthen dams with a FoS greater than 1.0.  

Generally, AECOM does not use the SMS as the pseudostatic coefficient for analyses; however ETTL’s 

approach is on the conservative side.        

Generally, clean sandy soils below the groundwater level are susceptible to liquefaction conditions during 

an earthquake.  The embankment soils at the Flint Creek Power Station are predominantly clayey gravels 

(GC) and lean clays with gravel (CL) and AECOM agrees with ETTL that the liquefaction potential at the 

site is low.  No further liquefaction analysis is required to show that the embankment and foundation 

materials are not susceptible to liquefaction under the design seismic event.            

3.0 Site Visit 

Mr. Colin Young, P.E. performed a brief walkdown of the site on August 21, 2015.  Mr. Young was 

accompanied by Mr. Greg Carter, P.E. of AEP.  The purpose of the walkdown was to verify whether any 

conditions to the ash pond dikes had changed since the ETTL study in 2010.  It was verified that no 

changes had been made to the dikes during that time period from 2010 to August 2015 and that physical 

conditions of the dikes were substantially similar to those existing at the time of ETTL’s study.   

4.0 Geotechnical Analysis 

AECOM performed stability analyses appropriate to determine if the impoundments meet the Section 

257.73 stability criteria.  The Primary and Secondary Ash Ponds were both analyzed for these purposes.  

Results are presented in the following sections.   

 

4.1 Slope Stability Analyses 

Slope stability analyses were conducted using the 2-dimensional limit equilibrium software, SLOPE/W 

(GEO-SLOPE International, Ltd., 2012).  Circular failure surfaces were evaluated using Spencer’s 

Method, which considers force and moment equilibrium.  Non-circular slip surfaces are generally not 

applicable in mostly homogeneous soil profiles similar to the conditions at this site.  The grid and radius, 

and entry and exit methods were both used to define the circular slip surfaces.  The following load cases 

were considered per the CCR Rule Section 257.73: 

1) Steady state, long term, maximum storage pool condition with a FoS requirement of 1.50; 

2) Short term, surcharge pool condition (short term flood load) with a FoS requirement of 1.40, this 

was performed at the 50% PMF pool levels; 
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3) Pseudostatic seismic using horizontal ground accelerations from published USGS peak PGA for 

2% probability of exceedance in 50 years (e.g. 2,475-yr return period) with a FoS requirement of 

1.00; 

4) Post-seismic or post-liquefaction condition for dikes constructed of soils susceptible to 

liquefaction with a FoS requirement of 1.20. 

All of the above cases were analyzed except the post-seismic/post-liquefaction load case.  As 

mentioned previously in Section 2.3 of this report, AECOM does not consider the site soils 

susceptible to liquefaction under the design seismic event.   

The soil parameters used in the stability analyses are provided in Table 2. Per the IBC (2012) and 

ASCE 7-10 (2013), the site classification was evaluated based on the average blow count in the 

upper 100 feet of the soil profile.  The most critical soil profile (exploratory boring with the thickest fill 

layer) was selected and an average SPT blow count per formational material was estimated (see 

Appendix B).  The average blow count in the upper 100 feet is approximately 39, which corresponds 

to Site Class D (Stiff Soil Profile).  Using the Site Class information and site coordinates of the ash 

ponds, the US Seismic Design Maps (USGS, 2008) web tool was used to obtain the base PGA.  The 

design maps detailed report (USGS web tool output) is provided in Appendix B and shows that the 

base PGA was calculated to be 0.072.  The plot shown in Figure 3 shows the upper bound 

relationship between the peak transverse base acceleration and the peak transverse crest 

acceleration as developed by Harder (1991) and presented in FHWA (2011).  The crest PGA that 

corresponds to the 0.072 base PGA is equal to 0.27.  Based on AECOM’s past experiences and 

popular references such as Hynes-Griffin and Franklin (1984) and Kramer (1996), half of the PGA 

tends to be a reasonable estimate for the pseudostatic coefficient for earthen dams with a FoS 

greater than 1.0.  The pseudostatic coefficient used in AECOM’s analyses is 0.135 (50% of 0.27).   

The slope stability cross sections were developed based on information from ETTL (2010), Freese 

and Nichols, Inc. (2011) and past AEP inspection reports.  The top of dam for both the Primary and 

Secondary Dams is 1155 feet MSL with a crest width of 12 feet and side slopes of 3H:1V for the 

upstream and downstream faces.  The fill material was assumed to be the maximum height at the 

center of the dam corresponding to 46 feet at the Primary Dam and 35 feet at the Secondary Dam.  

The soil profile used in AECOM’s analyses was taken directly from the ETTL slope stability analyses 

(2010) and verified using the applicable boring logs (ETTL, 2010).    

The graphical slope stability analysis results are provided in Figures 4 through 6 for the Primary Ash 

Pond and Figures 7 through 9 for the Secondary Ash Pond.  A summary of the slope stability FoS 

results are shown in Table 4.  Each analyzed case meets the rule’s minimum FoS requirements. 
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Table 4. Slope Stability Results 

Pond Conditions 

Water Level  
(feet MSL) 

Pseudostatic 
Coefficient, 

kh
a
  

Figure 
Number 

FoS
b
 

FoS 
Required 

Head Tail 

Primary 
Ash Pond 

Steady State  
Max Storage Pool 

1146 1130 0 4 1.66 1.50 

Surcharge Pool 
(50% PMF) 

1151.96 1130 0 5 1.51 1.40 

Pseudostatic 
Seismic 

1146 1130 0.135 6 1.05 1.00 

Secondary 
Ash Pond 

Steady State 
 Max Storage Pool 

1143 1130 0 7 1.76 1.50 

Surcharge Pool 
(50% PMF) 

1150.80 1130 0 8 1.58 1.40 

Pseudostatic 
Seismic 

1143 1130 0.135 9 1.19 1.00 

Notes: 
a) The pseudostatic coefficient is taken to be half of the crest PGA. 
b) FoS reported in table is the lower of the two FoS calculated using entry and exit and grid and 

radius methods.    

 

5.0 Summary and Conclusions 

In reviewing the existing field and lab data as well as the stability and seepage analyses, AECOM 

concludes that there is sufficient data to conclude that the ash ponds meet the CCR rule stability criteria.   

Using the full peak shear strength data, AECOM performed slope stability analyses of both the Primary 

and Secondary Ash Ponds for the following conditions: 1) long term, steady state maximum storage pool; 

2) short term flood at 50% PMF; and 3) pseudostatic seismic.  All conditions met minimum FoS criteria.. 

6.0 Certification 

I, Colin Young, being a Registered Professional Engineer in good standing and in accordance with the 

State of Arkansas, do hereby certify, to the best of my knowledge, information, and belief that the 

information contained in this report is true and correct and has been prepared in accordance with the 

accepted practice of engineering.  I certify that the information contained in this report MEETS THE 

REQUIREMENTS of the Coal Combustion Residual (CCR) Rule, Section 257, specifically, Section 

257.73 (e) for the specific requirements of the Periodic Safety Factory Assessments.  This certification is 

for the Initial Assessment only and this certification does not certify that any other previous or future 

Periodic Assessments meet the requirements stated in Section 257.73 (e). This certification is for 

compliance with the section referenced and is not applicable for any other sections of the CCR Rule. 

Requirements within Section 257.73 that are not included within subsection 257.73 (e) are excluded from 
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this certification.  Exclusions within the reference section 257.73 (e), and within section 257.73 that 

pertains to all subsections, that are not covered by this certification include:  

1. 257.73 (e)(2), Initial and each subsequent periodic safety factor assessment except the specific 

assessment being certified with this statement, 

2. 257.73 (f), Timeframes for periodic and subsequent assessments, and  

3. 257.70 (g), Recordkeeping.  

These exclusions are not the responsibility of the certifying engineer and are outside the control of the 

certifying engineer.  

 

Colin J. Young PE 
________________________________ 
Printed Name 

 

02-22-2016 

7.0 Limitations 

Some of the information in this report and on supporting figures, drawings, and calculations is based on 

information provided by AEP and their subcontractors.  AECOM has assumed this information is 

accurate, correct, valid, and was developed following current engineering practice.  

The conclusions in this report are based on AECOM’s understand of current plant operations, ash 

handling procedures, stormwater management, and conditions at the Flint Creek Power Plant, as of  the 

date of this report, as provided by AEP.  Changes in plant operations, stormwater management, or ash 

handling procedures may invalidate the findings in this report, until AECOM has had the opportunity to 

review the changes and, if necessary, modify our findings accordingly.  
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Reference: Base and Crest Peak Accelerations Recorded at the Earth Dams (Harder, 1991) as 

referenced in FHWA (2011)
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By LPC Date 9/22/2015 Project AEP Flint Creek Structural Stability Certification Sheet 1 of 1 

Chkd. By MF Date 9/22/2015 Description Development of Design Shear Strengths Job # 60437225 

 
A. Objective 
Develop Mohr-Coulomb drained and undrained strength properties for the embankment and residual soils at the 

Primary and Secondary Ash Ponds at the AEP Flint Creek plant in Benton County, Arkansas.  

 

B. Procedure and Results 
CIU triaxial tests were performed by ETTL, Incorporated, in 2009.  The tests were performed on a total of 9 

specimens (from three separate Shelby tubes).  Two of the Shelby tubes were collected in the embankment fill, 

while one of the tubes was collected in the residual soils beneath the embankments.  Shelby tubes of 

embankment soils were obtained in boring B-2 at the secondary pond and boring B-3 at the primary pond, while 

Shelby tubes of residual soils were only obtained in boring B-2 at the secondary pond. Additional samples were 

not collected due to the high gravel content in both the embankment and foundation soils, which caused 

difficulties in advancing and retrieving Shelby tubes.  

 

The results of the CIU triaxial tests have been plotted by AECOM both p’-q and p-q plots.  Failure was defined 

using the maximum stress difference criteria (σ1-σ3, or max deviator stress), as the ETTL report does not contain 

sufficient data to also define failure using the maximum ratio of principal effective stresses during the triaxial 

test (σ1/σ3, or maximum obliquity).  Failure at max deviator stress was plotted as a single point, with the two 

different material types (fill and residuum) shown using different symbols.  A review of the resulting plots found 

that the embankment fill and residuum soils all plotted in a consistent, relatively linear fashion, which indicates 

that the two materials have similar shear strengths.  Therefore, a single set of design strengths were assigned for 

the combined materials.  

 

For each plot, the design stress ratio at failure line (Kf) was then drawn through the p’-q and p-q plots to develop 

the Mohr-Coulomb shear strength properties. The Kf line is related to a normal φ and c failure envelope using 

sin φ = tan Ψ (Eqn. 10-24, Holtz & Kovacs, 1981).   

 

Table 1 lists the design Mohr-Coulomb drained and undrained shear strength parameters, for both maximum 

deviator stress and maximum obliquity failure criteria.  

 

Table 1 – Residuum Strength Properties – Max Obliquity and Max Deviator Stress 

Material 

Drained Strength Undrained Strength 

φφφφ’ (degrees) c’ (psf) φφφφ (degrees) c (psf) 

Embankment Fill and Residuum 31 50 14 500 

 

Attachments 
1. Test results and p-q plots 

2. Laboratory testing forms from ETTL 

3. Excerpts from Holtz and Kovacs (1981) 
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Boring # Test #
Sample 

#/Depth

Consolidation 

Stress (σ'3), psi
σ1, psi σ3, psi σ'1, psi σ'3, psi p (ksf) q (ksf) p' (ksf) q (ksf)

1 10 22.74 10.00 19.80 7.06 2.36 0.92 1.93 0.92

2 20 43.73 20.00 34.74 11.01 4.59 1.71 3.29 1.71

3 40 75.99 40.00 52.37 16.38 8.35 2.59 4.95 2.59

1 10 26.18 10.00 20.55 4.37 2.60 1.16 1.79 1.16

2 20 40.70 20.00 30.34 9.64 4.37 1.49 2.88 1.49

3 40 82.40 40.00 58.49 16.09 8.81 3.05 5.37 3.05

1 10 29.56 10.00 25.12 5.56 2.85 1.41 2.21 1.41

2 20 39.31 20.00 28.08 8.77 4.27 1.39 2.65 1.39

3 40 76.95 40.00 56.49 19.54 8.42 2.66 5.47 2.66

Effective Stress Failure Envelope Total Stress Failure Envelope
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f ' = 33.7 deg c' = -1.2 psi
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TEST DESCRIPTION
TYPE OF TEST & NO: CU with PP

SAMPLE TYPE: Shelby Tube Sample

DESCRIPTION: Redd. Brown & Tan & Gray Fat Clay w/ Gravel

ASSUMED SPECIFIC GRAVITY: 2.7 + 40 Sieve

Sampled on Site, B-2 3' to 7' deep

Percent -200:

Dry Density - pcf

Diameter - inches

Height - inches

EFFECTIVE STRESS PARAMETERS

SPECIMEN NO.

Moisture Content - %

INITIAL

Final Moisture - %

Dry Density - pcf

Calculated Diameter (in.)

AT TEST

Height - inches

Effect. Cell Pressure - psi

Failure Stress - psi

Total Pore Pressure - psi

Strain Rate - inches/min.

Failure Strain - %

s1' Failure - psi

s3' Failure - psi

ETTL ENGINEERS & CONSULTANTS PLATE: B.1

PROJECT INFORMATION
PROJECT: Flint Creek Power Plant

LOCATION: Centry, AR

PROJECT NO: G 3243 - 09

CLIENT: AEP

December 2009
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R2 = 1.00 a (deg) = 29.0 a (psi) = -1.0EFFECTIVE STRESS PARAMETERS

TYPE OF TEST & NO: CU with PP
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PROJECT: Flint Creek Power Plant
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f = 15.9 deg c = 2.4 psi
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December 2009
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f ' = 33.0 deg c' = 0.6 psi
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R2 = 0.98 a (deg) = 28.6 a (psi) = 0.5EFFECTIVE STRESS PARAMETERS
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f = 18.3 deg c = 1.9 psi
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f ' = 24.0 deg c' = 3.2 psi
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R2 = 0.98 a (deg) = 22.2 a (psi) = 2.9EFFECTIVE STRESS PARAMETERS

TYPE OF TEST & NO: CU with PP
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G 3243-09, B-3 5'-7' Flint Creek

Effective Stress Data - B-2, 23-25' Depth



f = 14.1 deg c = 4.0 psi

1 2 3 4

17.6 20.3 17.6

107.9 106.2 107.7

2.76 2.76 2.77

5.68 5.68 5.68

24.0 22.3 22.0

108.5 107.0 109.8

2.76 2.75 2.75

5.67 5.64 5.62

10.0 20.0 40.0

19.56 19.31 36.95

54.4 61.2 70.5

0.00050 0.00050 0.00050

1.5 1.5 2.1

29.56 39.31 76.95

10.00 20.00 40.00

LL: PL: PI:

Sampled on Site, B-3 3' to 7' deep

Percent -200:

TOTAL STRESS PARAMETERS

SPECIMEN NO.

Moisture Content - %

INITIAL

REMARKS: Diameter and Both Ends Trimmed + # 4 Sieve

TEST DESCRIPTION
TYPE OF TEST & NO: CU with PP

SAMPLE TYPE: Shelby Tube Sample

DESCRIPTION: Redd. Brown & Tan Sandy Lean Clay w/ Gravel

ASSUMED SPECIFIC GRAVITY: 2.7 + 40 Sieve

Final Moisture - %

Dry Density - pcf

Calculated Diameter (in.)

AT TEST

Dry Density - pcf

Diameter - inches

Height - inches

Strain Rate - inches/min.

Failure Strain - %

s1 Failure - psi

s3 Failure - psi

Height - inches

Effect. Cell Pressure - psi

Failure Stress - psi

Total Pore Pressure - psi

ETTL ENGINEERS & CONSULTANTS PLATE: B.3

PROJECT INFORMATION
PROJECT: Flint Creek Power Plant

LOCATION: Centry, AR

PROJECT NO: G 3243 - 09

CLIENT: AEP

December 2009
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Appendix B 

Pseudostatic Coefficient Reference Material 

 

 

 

 

 

 

 

 

 



Project Name: Flint Creek Power Station, Existing Ash Storage Ponds Embankment
Project Number:

Client:

Description: Site Classifications
By: MF Checked By: JD
Date: 1-Sep-15 Date: 1-Sep-15

Task:

Reference:

Site Class Definitions:

Chapter 20 Site Classficationm Procedure for Seismic Design; Table 20.3-1

General Site Data from Boring Logs:

Reference: SPT data from B-1 through B-7
Selected most critical soil profile where fill layer is the thickest

Soil Type Average Layer Thickness (ft) Average Blow Count

Fill 20 19

Native Soil 20 28

Weathered Limestone 60 50

= 100

Evaluation of Average Blow Count, Ñ:

Ñ = 39

Soil Classification Recommendation:

D

Rock

Very dense soil and soft rock

Stiff soil profile

Vs < 600

Vs > 5000

2500 < Vs ≤ 5000

1200 < Vs ≤ 2500

600 < Vs ≤ 1200

Site Class

60437225

Soft soil profile

ASCE (2013). Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7-10)

N/A

N/A

Ñ > 50

15 ≤ Ñ ≤ 50

Ñ < 15

Hard rock

Stiff Soil Profile

Soil Profile Name

Evaluate the site classification based on the average blow count, Ñ, in the upper 100 feet of the soil 
profile.

A

B

C

D

E

Average Blow Count, 
Ñ

Average Soil Shear 
Wave Velocity, Vs 

(feet/sec)
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Approximate site coordinates















Evaluate the free field bedrock acceleration at the site for NEHRP/AASHTO Site Class B

Classify the site according to the NEHRP/AASHTO site classification system

FHWA, (2011). LRFD Seismic 
Analysis and Design 
Transportation Geotechnical 
Features and Structural 
Foundations  - Reference 
Manual, NHI Course No. 

130094, FHWA-NHI-11-032, 

GEC No. 3, August (Rev. 1). 
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