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ABSTRACT

The Y-12 National Security Complex in Oak Ridge, TN has faced an ongoing challenge 
from mercury entrapped in soils beneath and adjacent to buildings, storm sewers, and 
process pipelines. Previous actions to reduce the quantity and/or mobilization of 
mercury-contaminated media have included plugging of building floor drains, cleaning of 
sediment and sludge from sumps, manholes, drain lines, and storm sewers, 
lining/relining of storm sewers and replacement of a portion of the storm sewer trunk 
line, rerouting and removal of process piping, and installation of the Central Mercury 
Treatment System to capture and treat contaminated sump water. Despite the success 
of these actions, mercury flux in the storm sewer outfalls that discharge to Upper East 
Fork Poplar Creek (UEFPC) continues to pose a threat to long-term water quality. A 
video camera survey of the storm sewer network revealed several sections of storm 
sewer that had large cracks, separations, swells, and accumulations of sediment/sludge 
and debris. The selected remedy was to clean and line the sections of storm sewer pipe 
that were determined to be primary contributors to the mercury flux in the storm sewer 
outfalls. 

The project, referred to as the West End Mercury Area (WEMA) Storm Sewer 
Remediation Project, included cleaning sediment and debris from over 2,460 meters of 
storm sewer pipe followed by the installation of nearly 366 meters of cure-in-place pipe 
(CIPP) liner. One of the greatest challenges to the success of this project was the high 
cost of disposal associated with the mercury-contaminated sludge and wastewater 
generated from the storm sewer cleaning process. A contractor designed and operated 
an on-site wastewater pre-treatment system that successfully reduced mercury levels in 
191 cubic meters of sludge to levels that allowed it to be disposed at Nevada Nuclear 
Security Site (NNSS) disposal cell as a non-hazardous, low-level waste. The system 
was also effective at pre-treating over 1,514,000 liters of wastewater to levels that met 
the waste acceptance criteria for the on-site West End [wastewater] Treatment Facility 
(WETF). This paper describes the storm sewer cleaning and lining process and the 
methods used to process the mercury-contaminated sludge and wastewater, as well as 
several “lessons learned” that would be relevant to any future projects involving storm 
sewer cleaning and debris remediation.



WM2012 Conference, February 26 – March 1, 2012, Phoenix, AZ

2

INTRODUCTION

The WEMA is an industrialized section of Y-12 that includes several buildings where 
lithium isotope separation was previously performed. The separation process required 
large quantities of elemental mercury which became a source of contamination to the 
soils beneath and adjacent to process buildings, associated former mercury process 
piping and storage tanks, and the storm sewer system in the immediate vicinity. Despite 
the positive effect of previous actions that included plugging drains, cleaning sumps, 
lining storm sewers, and replacement of process piping, elemental mercury remains
entrapped in soils beneath and adjacent to the buildings, storm sewers, and process 
lines. Mercury-contaminated groundwater enters the storm sewer system through 
cracks in the underground storm sewer piping and surface water transports the mercury 
through the storm sewer system where it eventually discharges to UEFPC.

Previous actions to reduce the quantity and/or mobilization of mercury-contaminated 
media included plugging sumps and floor drains; sediment removal from sumps, 
manholes, and storm sewers; lining or replacement of storm sewer pipes; and 
rerouting/removal of process piping. Additionally, mercury-contaminated sump water 
from the former isotope separation buildings in now routed through the Central Mercury 
Treatment System (CMTS) prior to discharge to UEFPC. Despite the success of these 
actions, an unknown volume of mercury remains entrapped in soils beneath and 
adjacent to the buildings, storm sewers, and process pipelines. Water quality monitoring 
data indicates that mercury continues to be discharged to UEFPC through the storm 
sewer network.

The Phase 1 Record of Decision (ROD) required for UEFPC by the Tennessee 
Department of Environment and Conservation (TDEC) identified a selected remedy 
composed of several components. Among the components of the selected remedy was 
hydraulic isolation of the WEMA by flushing the contaminated sediments from storm 
sewers and relining or replacing the storm sewers. The innovative approach used to 
manage the high volume of contaminated rinsate generated by this project could be 
used in a variety of remediation projects involving radioactive- and mercury-
contaminated sediment and soil.  

The following is a map of the storm sewer lines in the WEMA project footprint:
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Figure 1   Subarea Map of the Storm Sewer Layout within the Project Area
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METHOD

Engineering Study, 2009

The project started in July 2009 with an Engineering Study of the WEMA storm sewers 
using video cameras mounted on remotely-operated vehicles. Approximately 15,600 LF 
of storm sewer pipe were inspected during the engineering study. The video inspection 
documented debris blockage in the storm drain system, cracks and leaks in the storm 
drain pipes, and the visible presence of elemental mercury. Sediment and water 
samples were collected from strategic locations in the system. Fifteen sediment 
samples and 32 water samples were collected and analyzed for total mercury.  Visible 
elemental mercury was often seen in the base of storm sewer manhole basins.

The results of the engineering study were then used to categorize the storm sewer 
segments based on three factors: (1) the percent contribution to total WEMA mercury 
being introduced to UEFPC by storm sewer subsystems, (2) the presence of mercury in 
WEMA storm sewer segments, and (3) the amount of debris observed in the WEMA 
storm sewers, which were assumed to be contaminated with mercury as a result of 

Figure 2  Visible Elemental Mercury in a Storm Sewer Basin
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runoff from mercury-contaminated areas and historical releases from Y-12 operations. 
Appropriate remedial actions (cleaning, lining, etc.) were then assigned to each 
category and incorporated into the WEMA Remedial Action Work Plan (RAWP).

Project Subcontract Award

Following regulatory approval of the RDR/RAWP, a request for proposals was issued.  
In October 2010, a contract was awarded for the following services:

 Remove mercury-contaminated sediment and debris from approximately 2,469 
meters of WEMA storm sewer;

 Install new heat-cured polymer liners in selected storm sewer segments
(approximately 366 meters); and

 Design, assemble, and operate a pre-treatment unit capable of (1) removing 
mercury from the wastewater fraction of the slurry for disposal at WETF, and (2) 
packaging the solid waste fraction of the pre-treated debris removed from storm 
sewer for shipment to waste management facilities designated by B&W Y-12.

Sampling and analyses of generated waste, characterization of the waste for disposal, 
waste transportation were the responsibility of B&W Y-12.

Cleaning and Lining Activities

The basic approach to cleaning and lining the WEMA storm sewers was comprised of 
the following:  (1) flushing and removal of sediment and debris accumulations in storm 
sewer segments using a high-pressure water spray; (2) verification of the effectiveness 
of cleaning using remote-controlled mobile video cameras; (3) the installation of new, 
steam-cured polymer linings in selected cleaned segments; and (4) final video camera 
inspection to confirm the integrity of the new lining and lateral cutouts.  

Cleaning and lining activities began on February 11, 2011, in the Alpha 5 South subarea 
and proceeded toward the Alpha 5 East subarea. The cleaning schedule for the 
segments was conducted in accordance with the project work plan which detailed the 
order in which the WEMA storm sewer subsystems and specific manholes were to be 
cleaned and lined.

The existing storm sewer pipes ranged from 20-cm to 152-cm in diameter and varied in 
length from less than 1.5 meters to 91 meters. The amount of debris, sediment and 
gravel in each pipe varied significantly. Some of the pipes were completely blocked 
while others had less than an inch of debris. The majority of the debris consisted of 
gravel (1.2-cm to 8-cm in size) with a substantial amount of sediment and fines. 
The cleaning and lining crew consisted of supervisory, safety and industrial hygiene 
personnel, laborers, equipment operators, teamsters. Extensive preparation and 
planning was required for each segment because in addition to the known mercury
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hazard, all of the storm sewer pipes were considered to be radiologically contaminated. 
Radiation work plans, industrial hygiene plans and confined space entry plans had to be

written and reviewed for each segment. This required extensive coordination with the 
technical staff and the Y-12 Fire Department who were required to be at the job site in 
case a confined-space rescue was required.

To prepare a pipeline segment for cleaning: 

 Work area boundaries were clearly delineated around manholes and work areas.

 Proper safety, IH and radiological postings placed along work area boundaries.

 At each manhole, herculite aprons were spread outwards to prevent 
contaminated debris and sediment removed from the pipelines from coming into 

Figure 3   Conceptual Layout of the Storm Sewer Cleaning Process
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contact with the ground surface. Berms were constructed from halved 30-cm
PVC pipe sections and placed at the edges of the herculite as spill containment.

 An Exclusion Zone was set up around the manhole using Garlock® portable 
metal handrail system.  The handrails were posted to denote the EZ, the 
hazards, and requirements for safety equipment (PPE/respiratory protection).

 Depending on the size and shape of the manhole, the cover was removed with 
pry bar(s) or a forklift and placed in a location away from the opening.  

 Upon removal of a manhole cover, industrial hygiene personnel obtained direct 
readings of the breathing zone above the manhole for mercury vapor levels using 
a Jerome mercury vapor monitor.  If mercury vapor levels were above the 
allowable exposure limit (0.0125 µg/cm3), the ES&H Representative verified that 
proper respiratory protection was used.

 Proper fall protection was used, including a tripod with personnel and equipment 
winches.  All personnel within the Exclusion Zone were required to don fall 
protection while working around the manhole.

 The camera truck was set up at the opposite end of the pipeline, while the jetter 
truck was adjacent to the entry manhole.

The following photos are layouts of a setup of a typical WEMA location:

   

Jetter TruckSludge Truck
Entry Manhole Area

Figure 4  Typical Equipment Set up during Cleaning and Lining of Storm Sewer Lines
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Personnel working within the Exclusion Zone were required to don Saranex® suits with 
booties and hoods, anti-contamination gloves and scuffs (due to the low levels of 
radioactive contamination). In the initial months of the project, personnel were required 
to wear air-purifying respirators with mercury/particulate cartridges for protection against 
mercury vapors and radiological contamination. However, when the project began the 
lining task, the levels of styrene, which are used as a catalyst in the uncured CIPP 
(cured-in-place-pipe) liner, triggered an upgrade in the respiratory protection 
requirements. When the project discovered that there was no mixed media respirator 
cartridge available that would provide sufficient protection against the identified potential 
respiratory hazards that workers could encounter, the only option was to use supplied-
air respirators. Additionally, the project performed confirmatory sampling to verify that 
the styrene would not leach out of the cured liner and potentially present a water quality 
concern to UEFPC.

Once set up was complete, the storm sewer line segment(s) to be cleaned were 
isolated from branch pipes/lines by insertion of inflatable plugs (30-cm to 150-cm). This 
allowed all waste water generated during the cleaning process to be captured and 
prevented rinsate from being flushed down the storm sewer network and contaminating 
natural water sources (i.e. UEFPC). A pump-around system was put in place to divert 
incoming storm waters past the line being cleaned into adjacent lines via pumps and 
hoses. Manhole basins were also inspected for the presence of elemental mercury. If 
visible mercury was present in the basin, it was removed with a small suction device 
and containerized for off-site storage and disposition. Approximately 50 kg of elemental 
mercury was recovered from the WEMA storm basins using this process.

Figure 5  Workers in Fall Protection and PPE Observing ongoing Video Operations
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Hydraulic cleaning consisted of pushing or pulling a hose and spray nozzle into a sewer 
pipe and applying a high-pressure water jet to mobilize the trapped sediments and 
debris. Typically, the nozzle was placed into the downgradient manhole, mobilized to 
the upgradient basin, and pulled back toward the downgradient manhole while cleaning, 
so rinsate would drain to the downgradient manhole basin where it was extracted with a 
vacuum pump or other extraction methods. 

The project had been proposed with the use of diaphragm pumps for material removal; 
however, as the pumps tried to remove the debris from the storm sewer lines, the 
diaphragms quickly clogged with fines and the pumps did not supply enough vacuum to 
remove larger pieces of gravel. Venturi-based pumps were then used; however large 
debris damaged the interior components of the pump and did not allow the internal 
gates to completely close, which impacted the vacuum capacity, rendering them 
useless after a few days of use. Finally, the project procured a vacuum truck and placed 
it into service about halfway through the cleaning phase. The benefit of the vacuum
truck was the presence of the jetting system along with the vacuum suction removal 
capacity. The rate of the cleaning progress went from approximately 15-20 meters per 
week to approximately 46-76 meters per week.

Vacuum Hose

Jetter Hose Clean Water Storage

Waste Storage Tank

Figure 6  Vacuum Truck (also performed cleaning with installed Jetter system)
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The use of the vacuum truck also presented an unforeseen environmental concern. The 
vacuum motors were strong enough to volatilize elemental mercury and the internal 
filters were only designed to capture particulates. The project had to procure a portable 
filter and attach it to the discharge port on the vacuum truck whenever the vacuum 
system was operating. The portable filter, measuring 3-meters in height and 2-meters in 
width holding 1,500 kg of sulfur-impregnated carbon, was connected to the vacuum
truck with 20-cm reinforced high temperature flexible hose and PVC fittings. At the end 
of the project, the residual carbon was disposed as LLMW.

During the cleaning process of the pipeline, a CCTV robotic camera was placed in the 
upgradient manhole basin to provide visual observation and recording of the cleaning 
process.  Cleaning and video of portions of the pipeline alternated, until cleaning was 
complete and a final recording was made of the pipe’s condition and integrity. If the pipe 
was approved as clean and lining was not scheduled for the segment, the project 
demobilized from the job site and moved to the next location.

Cured-In-Place Pipe (CIPP) Liner Installation  

CIPP liner inserts were sized according to measurements collected in the field for each 
pipe segment. The liner inserts were pre-ordered and factory-impregnated (i.e. “wet-
out”) with the required chemicals; delivered and stored onsite in a refrigerated truck until 
ready for installation.  

If the video record of pipeline segment had been reviewed and approved by the project, 
pipes scheduled for liner installation were prepped. Personnel verified the inflatable 
plugs were still secure and that the appropriate confined space permit was still valid for 
the liner installation work. One end of CIPP liner was connected to and then threaded 
through a “Shooter” rig from the refrigerated truck, which allowed the liner to be 
“inverted “into the pipeline using high-pressure air supplied by a Boiler truck. Once the 
liner section was in place, a cap was secured on each raw end of the liner (present 
above grade level) and heated steam was injected through one end of the cap and 
released through the other. The hot steam activates the impregnating polymers and 
causes the liner to expand and cure against the walls of the existing pipe. Temperature 
probes placed on the inside of the curing pipe allow temperatures to be controlled at the 
Boiler truck. The curing process takes approximately 2 hours. 

After the curing process was complete, the steam supply was removed, the pressure 
released and the CIPP liner allowed to cool. When cooling was complete, the caps were 
removed and the liner was finished by trimming and securing the raw ends and securing
at the inlet/outlet in the manhole basin. Workers in proper PPE and respiratory 
protection performed this work. The service connections (laterals) were then reopened 
using a specially designed robotic cutting device with a pneumatic bit and the closed-
circuit television camera. The liner installation was then considered complete.  
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After the liner had cured, the video camera was again used to confirm the integrity of 
the lined segment. Once the new liner integrity was confirmed, the bypass hose and 
pump and the inflatable plugs were removed.    

Waste Process Area Set Up

The Waste Process Area (WPA) was constructed in the west end of the Y-12, 
approximately one mile away from the WEMA project area. The WPA was built in a 
laydown area and required extensive site preparation to make it suitable for its intended 
use, including leveling and covering the site with gravel. During the initial phases of the 
project in 2010, it was anticipated that that treatment portion of the removed waste 
could be performed in an area that was approximately 8 meters x 8 meters. After 
several revisions of refining the proposed treatment technique, it was determined that 
the actual treatment area would be much larger.

The treatment equipment was set up under a tent having a footprint of approximately 40 
meters by 18 meters. A small crane was used to set equipment where necessary, prior 
to final erection of the tent. Heavy 20-mil industrial liner served as the floor and was 
bermed around the outside of the tent and around each process area. Electrical service 
was provided by splitting off a power pole existing power supply running 3-phase, 480 
volt service. One distribution panel was installed to supply power to operate processes 
inside the tent, while another distribution panel was located on the subcontractor office 
trailer for additional power supply. Portable air compressors and generators were also 
used where needed to operate select pneumatic diaphragm pumps or other defined 
processes. A fire hydrant supplied make-up water used in the pre-treatment process, 
but no potable water or sanitary sewer connections were available at the site. Site 
preparation and construction of the WPA took approximately 8 weeks. The WPA was 
modified several times to facilitate the addition of new pumps and transfer equipment.

Treatment Process

Debris and sediment were transported to the WPA in 19-meter3 liquid-tight sludge 
trucks. Once at the WPA, the waste was transferred to a Vibratory Shaker Screen 
system that washed and separated the sediment, fines and elemental mercury from the 
larger pieces of gravel and debris. The gravel was washed under a spray header as it 
passed across the vibrating screens. Fines and elemental mercury dropped through the 
20-mesh-sized screens and were captured in a Mud Tank for further processing. Gravel 
and larger debris moved over the screens and were captured in a tilt bin. The vibratory 
action of the process also allowed separation of residual water from the large solids and 
debris, minimizing the moisture content of these materials prior to containerizing them 
for disposal at NNSS. Tilt bins were moved to a drying area prior to emptying into ST-90
containers for final disposition.

In the early stages of the project, the waste in the sludge trucks was pumped directly to 
the Vibratory Shaker Screen. As the process was modified for efficiency, waste was first
stored temporarily in a Receiver Bin or roll-offs prior to processing. Initially, diaphragm 
pumps and Venturi-based pumps were used to transfer the waste; but again the project 
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encountered similar problems to those of the cleaning process (frequent clogs and 
internal pump damage).

The resulting slurry consisting of fines and elemental mercury in the Mud Tank were
pumped to a 4-meter3 mercury reclamation tank. The conical-shaped mercury 
reclamation tank with a collection sump at the base was equipped with a small agitator 
designed to allow gravity separation of the elemental mercury from the suspended
solids by slow agitation. Over time, there was no discernable mercury recovered from 
the tank, most likely due to the height of the hose entering the tank; the pumping 
pressure was not sufficient to allow the heavy mercury particles to travel up the height 
of the hose and be discharged into the tank. After several months, a bypass valve was 
installed upstream of this tank so the untreated slurry could be routed directly to the 
next phase of pre-treatment.

The next phase of treatment consisted of the chemical mixing tanks. The slurry was 
pumped to one of three 17-meter3 poly mix tanks, each also fitted with an agitator. The 
following chemicals were added to the Mix Tanks to treat residual suspended or 
entrained elemental mercury: 

- 0.05 lb/gallon hydrated lime (114 kg per 20 meters3 of slurry), and
- 0.1% calcium polysulfide (20 liters per 20 meters3 of slurry) 

Calcium polysulfide was used to chemically convert the elemental and ionic mercury 
species in the sludge into mercuric sulfides. Mercuric sulfides have a very low solubility, 
minimizing the leachability of these species.

The hydrated lime was added as a flocculent. In-process verification of the treatment 
process was performed using jar tests. Five 500- mL aliquots were collected from the 
Mix Tanks and varying amounts of hydrated lime were added to each aliquot and mixed
thoroughly. The settling of the solids in the aliquot was then evaluated. Based on the 
results, the amount of hydrated lime was adjusted as necessary.

Subsequent review of analytical sample results collected of the liquid for waste 
characterization in the initial phases of the project indicated extremely high pH of the 
material present in the mix tanks (11 – 12). Further review attributed this to the addition 
of the hydrated lime along with the alkaline calcium polysulfide. The project decided that 
the best option for adjusting the pH so that the pre-treated wastewater was within 
WETF’s acceptance limits (3<pH<11) was to add sodium bisulfate to the water in frac 
tanks. 

Treated slurry was pumped to one of two filter presses (0.57 m3 and 0.34 m3 capacity) 
for removal of free liquids. A bypass was located immediately after the outlet of the 
press which allowed the initial slurry (high in solids at the beginning of the process) to 
be re-circulated back through the press. The bypass was kept open until the filter cloth 
surface of the press plates was coated with solids and the filtrate’s clarity was optimal. 
At this point, the bypass line was closed and the filtrate was directed to the water 
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filtration system tank. A sight glass at the discharge of each filter press allowed the 
operator to visually verify that the filtrate was clear, indicating optimal functioning of the 
filter press plates. 

When maximum filtrate loading on the plates was achieved, the bypass was secured
and the plates were cleaned. The plate cleaning process typically took two hours to 
complete. The presses were opened and the filter cake was dropped into containers for 
inspection. IH technicians monitored for mercury vapors using a Jerome mercury vapor 
monitor.  A sample of the filter cake was collected and subjected to a vibration table 
test. The test is designed to simulate vibrations that would occur during over-the-road 
transportation and determine if there was a potential for free liquids to separate out of 
the solid matrix. When the 24-hour vibration table test was complete, a Waste Package 
Certifier examined the results and approved the filter cake for loading in ST-90 
containers for transport to NNSS. Prior to sealing the boxes, an NNSS-approved 
absorbent was added to the box to eliminate free liquids that might be formed by
condensation.

The final stage of the process, a 3-stage micro-filtration system (50-10-1 micron filter 
size) and granular-activated carbon tank, was used to polish the aqueous phase 
downstream of the filter presses. Two polishing units were installed and each unit was 
capable of treating 150 liters/minute (300 liters/minute capacity if both units were used 

Mercury Reclamation
Tank 4,600 Gallon17 m3

Mix Tanks

Filter Presses

Figure 7  Waste Processing Tent (Showing Mix Tanks, Filter Presses and Hg Reclamation Tank)



WM2012 Conference, February 26 – March 1, 2012, Phoenix, AZ

14

in parallel). The polishing stage was originally intended to remove all radiological and 
residual organics from the wastewater so it could be reused in the jetter truck for 
pipeline cleaning. However, analytical results indicated the radiological re-use standards 
were not being achieved, therefore only 2% of the total volume treated was approved 
for reuse during the entire project.  The remainder of the filtered water was pumped and 
stored in 68 m3 gallon frac tanks before being transferred to the West End Treatment 
Facility (WETF) for final disposition.

Disposition of the wastewater was coordinated with the subcontractor operating the 
WETF facility. The project initially assumed the amount of wastewater generated during 
pipeline cleaning and after treatment would not exceed the total on-site storage capacity 
of 3 frac tanks (204 m3). Once it was confirmed that the wastewater could not be reused 
due to the presence of the radiological contamination, arrangements were made with 
WETF for transport and disposal. The original Sampling and Analysis Plan (SAP) only 
envisioned a single composite sample for the entire volume of wastewater. Once the 
project realized that there would be significantly higher volumes of wastewater, the SAP
was revised to include sampling/analysis of every frac tank. The onsite Y-12 Analytical 
Chemistry Organization had all of the analytical capabilities required to meet the WETF 
waste acceptance criteria; however, turnaround time was typically no less than a week. 
This extensive timeframe meant the project often ran at near 100% wastewater storage 
capacity and had to balance production with the ability to dispose of the inventory of 
wastewater. Eventually, 5 additional frac tanks (8 total) were needed to keep up with the 
volume of wastewater being generated by the pre-treatment process.

Figure 8  Aerial View of the Waste Process Area
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Challenges/Lessons-Learned

The WEMA project presented a multitude of logistical challenges. First and foremost, all 
of the storm sewer pipes scheduled for cleaning/lining were inside the Protected Area 
(PA) of Y-12. Moving vehicles, equipment and personnel in and out of the PA required 
close coordination with the Y-12 Protective Force. There were frequent delays getting 
equipment into or out of the PA because of security-related incidents, or traffic 
congestion at the portals. Y-12 PF assigned a security liaison to the project who helped 
coordinate the movement of equipment, however all equipment and vehicles were still 
subjected to search each time they passed into or out of the PA.

Only a small number of the subcontractors had the security clearances necessary to 
enter the PA unescorted. Security plans were constantly revised and reviewed to 
ensure escort zones were properly established around the work area. Escorts had to 
accompany the uncleared workers from the portal to the project area (and back). The 
work area was typically more than a mile away from the portal and utility vehicles had to 
be procured to accommodate the movement of personnel between the portal and job 
site. The WPA was outside the PA and personnel were not required to have clearances 
or escorts while working in the WPA.

Cell phones are not allowed in the PA and land lines are controlled and were not readily 
available at job site locations. Communication was almost entirely by Y-12-approved 
radios which had to be procured after the subcontractor had mobilized. Initially, 
communication between the subcontractor and the B&W project staff was very difficult 
and was a source of continuing frustration, especially when supplies were being 
requested from inside the PA. As the project matured, daily supply were scheduled so 
that supplies and personnel transfers could be done on a predictable schedule.

There were also several operational challenges that had significant cumulative impacts 
on cost and schedule. The original project did not envision the complexity associated 
with adapting a typically commercial process for environmental remediation.  Although 
hydraulic cleaning and CIPP lining are commonly used in municipal storm sewers, the 
amount of technical and safety support needed to adapt the technology for use for in an 
environmental clean-up was underestimated. Also, the industrial hygiene and safety 
aspects of the project were much more rigorous on the project as opposed to what 
typically is performed on commercial jobs, made more difficult by the number of 
competing controls from different disciplines.  

Performing this operation involved a great deal of procedural development, review and 
approval for technical and operational areas. Additionally, the utility drawings initially 
used to define the WEMA subareas had several inaccuracies due to numerous 
modifications over the years, which had not been documented.

Another difficulty was weather. The initial project was scheduled from January to May.  
The actual project duration spanned all four seasons (January to January), and East 
Tennessee experienced one of the hottest summers on record. Personnel working in 
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the manholes were required to wear fully encapsulating PPE and full-face respirators. 
All personnel had to be closely monitored for heat stress and dehydration. Working at 
night posed unique and unacceptable safety concerns to the project, therefore the 
project worked weekends and staggered day shifts to make up for the time that was lost
to hot days and inclement weather. The combination of hot weather and long work 
schedules was often a concern to management and health/safety personnel. A plant-
wide moratorium on the number of hours that could be worked in a two-week period 
was issued and careful planning was required to ensure personnel did not exceed their 
work limit while ensuring there was sufficient manpower to perform the cleaning and 
lining task.

RESULTS/DISCUSSION

The goal of the WEMA project was to reduce mercury flux in the waters entering 
UEFPC from the WEMA storm sewer outfalls. The effectiveness of the project will be
determined later by comparing baseline and post-remediation mercury flux sampling at 
Outfall 200A, while also considering other variables, such as precipitation. The Phase I 
ROD demonstration of effectiveness noted that reduction is to be monitored in the 
outfalls and is anticipated within one year of the conclusion of the remedial action.

The pre-treatment process was successful at separating the aqueous and solid phases 
of WEMA-generated debris and pre-treating the elemental mercury to levels that 
avoided having to manage the process-generated waste streams as mixed low level 
waste (MLLW). Only the elemental mercury that was manually removed from the storm 
sewer basins, prior to cleaning, had to be sent to an offsite MLLW treatment facility for 
treatment and disposal.

Sediment/gravel, wastewater, and filter cake were characterized using the analytical 
methods described in Sampling and Analysis Plan (SAP) for the West End Mercury 
Area Storm Sewer Cleaning Project (B&W Y-12 2011). The SAP incorporated the waste 
acceptance criteria for both NNSS and WETF. B&W Y-12 personnel sampled the waste 
streams intermittently throughout the duration of the project. Approximately 41,285 m3

of debris, sediment and filter cake were processed through or generated by the pre-
treatment process. All of the waste acceptance verification samples were well below the 
Toxicity Characteristic Leaching Procedure (TCLP) limits for mercury. The final forms of 
the secondary waste streams – wastewater, gravel/sediment, and filter cake – were all 
managed and disposed as LLRW, allowing the project to realize a significant cost 
savings compared to having to dispose of the generated waste as MLLW.
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