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I. INTRODUCTION AND PURPOSE 
 

The City of Greenville, MS (CITY) retained W. L. Burle Engineers, P.A. (BURLE) of 
Greenville, MS, to prepare a Feasibility Study for the Wastewater Treatment Plant 
(WWTP) Groundwater Control Plan (GCP). The feasibility study is a requirement under 
the CITY’s Administrative Order on Consent No. CWA-04-2021-0321 (AOC) with the 
Environmental Protection Agency (EPA); the AOC is referenced in Appendix A.  
 
EPA requested the study because, during high groundwater table events, the WWTP 
secondary clarifiers are subjected to buoyancy forces which structurally threaten the 
clarifiers when they are emptied for cleaning and/or repairs.  For this reason, the CITY’s 
practice has always been to wait until the water table falls to manageable levels before 
performing the work. EPA was dissatisfied with this practice and requested this 
feasibility study to 1) evaluate options to control the groundwater in the vicinity of the 
WWTP secondary clarifiers so that cleaning and/or repair work can be performed when 
needed, regardless of the water table elevation; 2) select the most viable option for 
implementation; and 3) prepare the schedule and opinion of cost for the implementation 
of the selected option. 

 
II. HISTORY 

 
The Greenville WWTP was essentially inoperable from May 21, 2019 to December 31, 
2021. The 2019 flood event caused excessive infiltration and associated grit (i.e., gross 
solids) to enter both the sewer and WWTP where, without a functioning grit chamber, the 
solids settled out in all of the chambers (i.e., aeration basin, clarifiers, disinfection 
chamber). The situation progressed to the point that the WWTP was rendered inoperable. 
At the time of failure, the only functioning equipment, besides the influent and effluent 
pump stations, were the aeration basin blowers/diffusers. 
 
The CITY implemented the following emergency measures to address the problem: 
 
• MDEQ Meeting/Notification – As per the CITY’s NPDES permit requirements, on 

May 21, 2019, within 24 hours of learning the situation, the CITY notified MDEQ 
of the situation. A formal report to MDEQ followed. 
 

• Staff Change – The CITY’s new public works O&M contractor, Manchac 
Management Services of Baton Rouge, LA (MANCHAC), fired the WWTP 
operation and replaced him with one of their own Class IV operators. 
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• WWTP Cleaning Project – The CITY authorized BURLE to amend Contract No. 2 
– WWTP Grit Chamber Rehabilitation Project to include cleaning activities for the 
aeration basins, the clarifiers, the by-pass channel, the process lift station, the 
aeration basin/clarifier gravity sewers, the UV chamber and the effluent pump 
station. In order to expedite some of the work, the CITY hired a private contractor, 
Avis Construction Company (AVIS) to clean Clarifier No. 2 as soon as the 
groundwater fell to manageable levels; AVIS completed the project in November 
2019. 

On November 7, 2019, the CITY met with EPA, DOJ and MDEQ to discuss the situation. 
A tentative scope and schedule were developed to, not only repair the WWTP, but also to 
inform the public of the situation. 
 
On December 6, 2019, EPA issued Administrative Order on Consent (AOC) No. CWA-
04-2020-0303 to the CITY. It outlined the scope, schedule and terms related to the repair 
of the WWTP.  
 
Under the AOC, the CITY performed the following work: 
 
• Notified the public of the presence of untreated wastewater in the Mississippi River 

downstream of the WWTP outfall; 
• Erected signage along both sides of the Mississippi River and at local boat landings 

informing the public of the situation; and 
• Developed an Interim Corrective Action Plan (ICAP) which was a plan and 

schedule to repair the WWTP, as quickly as possible, so as to both comply with the 
AOC and the CITY’s NPDES permit requirements under average dry weather 
wastewater flow conditions. The anticipated completion date was November 15, 
2020. 

 
The CITY began ICAP repairs prior to EPA’s approval of the ICAP and have continued 
those efforts to date. 

 
On June 1, 2020, the CITY notified EPA/MDEQ of a Force Majeure claim by requesting 
additional time to complete the ICAP. Covid-19 and the 2020 Mississippi River flood 
event, along with a high groundwater table, were listed as Force Majeure events which 
caused project delays. The CITY requested a deadline extension to May 15, 2021.  
 
On October 16, 2020, the CITY received confirmation from EPA approving the new 
ICAP deadline to May 15, 2021. 
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On May 11, 2021, the CITY notified EPA that additional time was needed to complete 
the ICAP. They described the delays Hemphill Construction Company (HEMPHILL), the 
general contractor for Contract No. 2 – WWTP Grit Chamber Rehabilitation Project, 
experienced related to the 2021 Mississippi River flooding event and the subsequent rise 
in the groundwater table. They requested a deadline extenuation to August 15, 2021. 
 
On May 21, 2021, the CITY received confirmation from EPA approving the new ICAP 
deadline of August 15, 2021. 
 
During the Summer of 2021, the Mississippi River experienced its seasonal fall; however, 
the groundwater table in the vicinity of the WWTP remained high.  The situation 
appeared to be localized and caused by the pond located east of the WWTP.  The 
situation delayed the clarifier cleaning/repair work and forced HEMPHILL to add more 
time to their construction schedule. 

 
On July 23, 2021, the CITY notified EPA that, due to the high groundwater table, another 
deadline extension request was needed.  They requested a deadline extension to 
November 15, 2021. 
 
On October 11, 2021, after several weeks of negotiation, the CITY and EPA executed 
AOC No. CWA-04-2021-0321 (see Appendix A). In it, EPA granted an AOC compliance 
deadline extension to January 1, 2022, but also required several new deliverables, one of 
which being this Groundwater Control Plan Feasibility Study. 
 
On November 14, 2021, the WWTP was operable.  Over the following six week period, 
MANCHAC cultivated the biomass.  On December 31, 2021, the WWTP was compliant 
with the AOC. 
 
On December 27, 2021, due to COVID-related issues, BURLE requested a two-week 
deadline extension for the Groundwater Control Plan Feasibility Study.  EPA granted the 
extension and moved the delivery date to January 14, 2022. 
 

III. EXISTING CONDITIONS 
 
A. General: 

 
The Greenville WWTP is a 20 million gallon per day (MGD) complete mix, 
activated sludge plant.  Primary treatment components are an influent pump 
station; a barrack/grit chamber; an aeration basin/aerated digester; a secondary 
clarifier system; a disinfection system; a sludge management system; and an 
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effluent pump station/force main system which discharges the treated effluent to 
the Mississippi River. 
 
The WWTP clarifier system consists of four (4) secondary clarifiers, all of which 
operating in parallel.  Each clarifier’s inside diameter is 95 feet and the side wall 
depth is 13.5 feet.  The floors drain to the centers of the clarifiers at slopes of 
~1/4” per foot.  Piping systems consist of influent, effluent, Return Activated 
Sludge (RAS) and drain line piping.  A plan view of the system is shown on 
Figure No. 4. 
 
During the preparation of this study, on December 15, 2021, the floor of Clarifier 
No. 3 was damaged.  The center rose approximately 24".  The cause of the 
damage appears to be related to a failed drain line under the clarifier.  The event is 
described in BURLE’s engineering report (See Appendix E). 
 

B. Regulatory Permitting: 
 

1. Mississippi Department of Environmental Quality (MDEQ) –  
 

MDEQ issued the CITY’s National Pollutant Discharge Elimination 
System (NPDES) permit (Permit No. MS0020184) on September 21, 
2016; the permit expired on August 31, 2021.  BURLE submitted the 
renewal application to MDEQ on January 27, 2021.  Given the condition 
of the WWTP and the CITY’s inability to procure treated effluent samples 
for testing, MDEQ allowed the WWTP to continue operating under the 
expired permit until such time that treated effluent samples could be 
procured and tested for those constituents referenced in the permit 
application.  A copy of the permit is referenced in Appendix B. 

 
2. U.S. Army Corps of Engineers (USACE) –  
 

Under the Rivers and Harbors Act of 1899, the USACE has federal 
authority to permit and oversee all construction activities located within 
1,500 feet of flood control structures, such as the Mississippi River 
mainline levee.  The CITY’s WWTP is located within 1,500 feet of the 
mainline levee, therefore, all construction activities related to the GCP will 
fall under USACE’s authority.  The permits, when issued, will reference 
the conditions under which the permit holder can conduct the activities.  
These conditions always stipulate the maximum Mississippi River high 
water level at the Greenville gage allowed for such work. 
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IV. PROPOSED GROUNDWATER CONTROL PLAN OPTIONS 
 

After considering the clarifiers’ design, the site conditions and the federal/state agencies 
under which the GCP will be constructed/operated/maintained, three (3) viable 
groundwater control options were evaluated: 1) rehabilitating the clarifiers underdrain 
systems; 2) installing a groundwater dewatering system; and 3) constructing clarifier 
anchoring systems.  These options are discussed below: 
 
A. Option 1 – Clarifier Underdrain Systems 

 
1. Description & History – The WWTP’s original design included clarifier 

underdrain systems.  The passive system consisted of perforated pipe 
under the clarifiers which carried groundwater to a perimeter gravity 
sewer system that drained to a pumping station for final discharge to a 
drainage ditch located along the south property line of the WWTP.  The 
systems are referenced on Figure 4. 
 
The underdrain system failed in the 1980’s–90’s and was re-built in 1999, 
only to fail again due to sand intrusion.  The pump station also failed in 
1999 due to a water main break that undermined the station.  The system 
has remained inoperable since. 
 

2. Permitting Issue – BURLE contacted MDEQ and asked if a discharge 
permit was needed to discharge the withdrawn groundwater and, if so, 
what were the CITY’s options.  BURLE proposed two (2) discharge 
options:  1) discharge the water under a new NPDES permit to a receiving 
stream located along the WWTP’s south property line; or 2) modify the 
CITY’s NPDES permit for the discharge to be directed to the existing 
Mississippi River outfall via the WWTP’s existing force main.  BURLE 
provided a range of flows from 1.15 to 7.2 MGD. 
 
MDEQ requested groundwater water quality data.  BURLE purged 
monitoring well MW 4, collected a groundwater sample and submitted it 
to Waypoint Analytical of Jackson, MS for BOD5, TSS and RCRA 8 
Heavy Metals plus Iron Testing.  The results (See Attachment F) were 
forwarded to MDEQ for review and comment.  The CITY is currently 
awaiting MDEQ’s formal response. 
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3. Evaluation Activities – BURLE began the evaluation process by first 
assessing the condition of as much of the existing collection system as 
possible. In order to expedite the work and meet the AOC schedule, the 
assessment activities, which consisted of cleaning and videoing the sewer, 
were added, under a change order, to an existing Sanitary Sewer 
Evaluation Study (SSES 8) Project which the CITY awarded to Atakapa 
Services of Baton Rouge, LA. 
 
The assessment could not clean/video the entire collection system due to 
fittings in the underdrain system which were originally installed to route 
the underdrain around other clarifier piping systems (drain piping, RAS 
piping and influent piping). Given these limitations, the assessment 
focused only on the perimeter collection system which could be accessed 
using jetting and camera equipment. 
 
The assessment identified the following concerns: 
 
• Condition of Underdrain System – The underdrain system could not 

be accessed and therefore could not be cleaned/inspected. 
 

• Condition of Collection System – The perimeter collection system 
had numerous cracks and failures.  Since the collection system was 
also constructed of perforated piping, the lines can only be replaced 
by “open cut” construction. 
 

• Pumping Station – Approximately 20 year ago, the pumping station 
was damaged due to a water line break and is in such disrepair that it 
needs to be completely rebuilt. 
 

• Discharge Permit – MDEQ has still not informed the CITY if a 
permit can be issued. 

 
4. Conclusions – Given the study’s findings, and unknowns, the CITY 

cannot afford to invest in this option.  The system’s past history alone is 
reason enough to avoid further evaluation of this option.  Also, the 
permitting uncertainties/regulations, along with the difficulties installing 
new underdrain collection systems beneath the clarifiers, pose challenges 
and risks which cannot be quantified at this time. 
 

B. Option 2 – Groundwater De-Watering Systems 
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1. Description – A groundwater dewatering system was evaluated for the 

GCP.  The goal of the system was to remove the groundwater buoyancy 
forces by withdrawing groundwater at such a rate so as to drop the water 
table and create a cone of depression under the clarifier systems. It would 
consist of: 

 
• a network of wells/piping/valves located around each clarifier to 

isolate the withdrawal of groundwater from beneath each of the four 
clarifiers;  
 

• liquid-sealed blowers to apply a vacuum to the well/piping network; 
and 
 

• a force main and permit to discharge the groundwater, to either a 
receiving stream or to the Mississippi River via the CITY’s WWTP 
force main. 

 
2. Evaluation Activities – BURLE evaluated this option by teaming with 

Cardno of Atlanta, GA to perform an aquifer pumping test (See Appendix 
C).  The aquifer pump test was needed to characterize the aquifer and 
design the de-watering system.   

 
Cardno could not perform an aquifer test due to the low groundwater 
table.  They did, however, perform several slug tests within the production 
and monitoring wells to obtain approximate aquifer characteristics.  
Cardno then modeled the aquifer to design the de-watering system.   

 
Based on their limited findings, Cardno determined that, in order to 
maintain the water table below 116’ MSL, 36-4” recovery wells would be 
needed around the four (4) clarifiers.  The model determined that the well 
network could achieve the targeted dewatering goal after one (1) month of 
continuous operation in advance of the repair/maintenance work. 

 
3. Groundwater Discharge Permitting Issue – The permitting issue 

previously discussed for Option 1 is also an issue for Option 2. 
 

4. Permitting Issues – A USACE/Levee Board permit will be needed to not 
only construct the system but also to operate it; such a permit will have 
those restrictions noted earlier to regulate operation during Mississippi 
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River high water events.  MDEQ/OLWR well permits will not be needed 
since the proposed wells are less than 6” in diameter. 
 

5. Conclusions – Given the study’s findings, there are too many unknowns at 
this time to consider this option further.  Also, even if MDEQ issues the 
discharge permit and a complete aquifer test can be performed so that the 
system is properly designed, the USACE permit and associated restrictions 
would limit the system’s operations to the point that the system’s 
performance and reliability would be comparable to the CITY’s current 
policy of waiting for the groundwater table to fall to manageable levels 
before the clarifiers are emptied for cleaning and/or repairs. 
 

C. Option 3 – Clarifier Anchoring Systems 
 
1. Description – When empty, the existing clarifiers are incapable of 

withstanding the buoyancy forces generated by an elevated groundwater 
table (>116 feet Mean Sea Level (MSL)).  With the Mississippi River only 
a quarter mile from the WWTP, during flooding events, the hydrostatic 
gradient for the shallow groundwater table rises above the ground surface 
on the land-side of the levee.  The groundwater does not typically seep 
above the ground surface in the vicinity of the WWTP because the site’s 
surficial clay deposit acts as a confining layer, either an aquitard 
(impervious geological unit) or aquiclude (semi pervious geological unit). 
 
An anchoring system could counteract the buoyancy forces and hold the 
clarifiers in place when empty and during Mississippi River high water 
events.  The system would consist of the removal of both the clarifier 
mechanisms and the existing floors, the installation of multiple helical, 
multi-vane piers; the installation of thicker, structural floors; and the 
reinstallation of the clarifier mechanisms. 
 
Such a system has a number of benefits: 
 
• Permits – A USACE construction permit will be required; however, 

USACE O & M and MDEQ discharge permits will not be needed. 
 

• O & M – Since there are no pumps and electrical components, O & 
M activities will be minimal to non-existent. 
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• Clarifier Pipe Replacement – This option will also allow the CITY to 
replace the 50 year old piping systems located beneath the clarifiers. 
 

2. Evaluation Activities – BURLE evaluated this option by 1) conducting a 
geotechnical investigation to determine the size, length and number of 
piers needed and 2) preparing a preliminary design to determine if such a 
system was feasible.  These tasks are discussed below: 
 
a. Geotechnical Investigation – The geotechnical investigation was 

performed by BURLE and is referenced in Appendix D.  It found 
that medium dense sands were encountered ~30 feet below the 
clarifier floors (~85 feet MSL).  Given the need for piers capable 
of supporting 50 and 100 kip tension loads, BURLE proposed two 
different multi-vane, helical pier designs which are described in the 
body of the report. 

 
b. Preliminary Design – BURLE prepared the preliminary design.  It 

consists of the removal of the clarifier floors; the installation of 25 
multi-vane, 70 kip helical piers per clarifier; the installation of 36 
multi-vane 110 kip helical piers per clarifier; the 
removal/replacement of the piping systems located beneath each 
clarifier; construction of a 12" thick structural slabs; and the 
removal/repair/reinstallation of the clarifier mechanisms.  

 
3. Conclusions – Given the study’s findings, the most viable option for a 

groundwater control plan is the clarifier anchoring system.  Such a system 
will not only withstand the buoyancy forces created by an elevated water 
table but also do so without the need for USACE and MDEQ permits.  O 
& M work and costs will be minimal.  The project will also allow the 
CITY to replace the 50 year old RAS, influent and drainage pipelines 
under the clarifiers which is not possible with the other two options. 

 
V. RECOMMENDATIONS 

 
The Clarifier Anchoring Project is recommended to the CITY.  The schedule and opinion 
of costs are referenced below: 
 
A. Schedule – The schedule has been prepared based on: 
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1. No Dewatering Activities – It is unknown if MDEQ will issue a discharge 
permit for the withdrawn groundwater.  This means, dewatering 
operations during construction will be prohibited.  Construction will have 
to occur during the dry weather months of the year, July through 
November, when the water table is low and will not interfere with 
construction. 

 
2. One Clarifier Anchoring System at a Time – Given the need to have at 

least three (3) functioning clarifiers to operate the WWTP, only one 
clarifier will be taken out of service at a time to construct the anchoring 
system. 

 
3. Construction Period – 150 calendar days are budgeted per clarifier project. 
 
4. Project Phases – The proposed project schedule consists of the following 

phases: 
 

• Funding – During CY 2022, the CITY will prepare a MDEQ Facility 
Plan and SRF loan application and submit same to MDEQ by their 
annual September 30th deadline.  MDEQ will notify the CITY of 
loan issuance prior to December 31, 2022. 
 

• Contract No. 1 Clarifier No. 3 GCP Project – During CY 2023, the 
CITY will remove Clarifier No. 3 from service, construct the 
clarifier anchoring project as previously described and 
rebuild/reinstall the clarifier mechanism. 
 

• Contract No. 2 Clarifier No. 4 GCP Project – During CY 2024, the 
CITY will remove Clarifier No. 4 from service and construct the 
clarifier anchoring project. 
 

• Contract No. 3 Clarifier No. 1 GCP Project – During CY 2025, the 
CITY will remove Clarifier No. 1 from service and construct the 
clarifier anchoring project. 
 

• Contract No. 4 Clarifier No. 2 GCP Project – During CY 2026, the 
CITY will remove Clarifier No. 1 from service and construct the 
clarifier anchoring project. 

 
The schedule is referenced in Appendix G. 
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B. Opinion of Cost – The following is a breakdown of costs per phase of work: 
 
1. SRF Facility Plan/Loan Application (est.) $50,000  
2. Contract No. 1 $1,649,407  
3. Contract No. 2 $1,322,050  
4. Contract No. 3 $1,382,143  
5. Contract No. 4 $1,442,237  
    
  Total Project Cost $5,845,837 
 
An itemized breakdown of cost per phase is referenced in Appendix H. 

 
 
 

- End of Plan - 
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