
Current System
     $191,000/year 

Cheaper Tank
     $169,000/year with contractor 
     $160,000/year without contractor 
 

Reuse Tank by Vacuuming
a) $172,000 1st year, then $102,000/year 
b) $103,000 1st year, then $100,000/year 
c) $149,000 1st year, then $  98,000/year 
 

Reuse Tank by Sluicing
a) $177,000 1st year, then $114,000/year 
b) $174,000 1st year, then $114,000/year 
c) $198,000 1st year, then $110,000/year 

Turn-key Contractor
Lease option: 
     $305,000 1st year, then $252,000/year 
Purchase option: 
     $925,000 1st year, then $242,000/year 

Alternatives to the Existing Strontium-90 
Groundwater Treatment System 

Radioactive strontium-90 (Sr-90) is 
removed from groundwater onsite at 
BNL by pumping the water through a 
series of tanks containing a type of 
natural sand media called clinoptilolite 
zeolite. The structure of clinoptilolite 
causes the material to bond with 
radioactive strontium, removing it 
from water. When the clinoptilolite has 
become saturated with Sr-90, the 
tanks, along with the sand media 
inside, are shipped for disposal as 

low-level radioactive waste. This 
changeout process occurs 
approximately four times annually, 
resulting in the disposal of 18 to 24 
tanks every year. The objective is to 
reduce cost and waste while 
maintaining safe and effective removal 
of Sr-90 from contaminated 
groundwater. This study focuses on 
comparing the current method with 
alternatives that may provide less 
costly options for running the system. 

Rebecca Winter. Earth and Environmental Engineering, Columbia University, New York, NY 10027. 

Mentor: Diane Rocco. Environmental Protection Division, Brookhaven National Lab, Upton, NY 11973. 

Run vacuuming trial to verify assumptions 
Remove certified welding requirement on tanks to 
reduce cost 
Purchase high-powered vacuum to easily remove 
sand from tanks 
Reuse current tanks by vacuuming until unusable 
Purchase Siemens PV1000 dual-manway tanks 

I would like to give a special thanks to Diane Rocco for all of her knowledge and guidance on this project. I 
would also like to thank the rest of the Value Study Team for their help and insight. This project was 
supported in part by the U.S. Department of Energy, Office of Science, Office of Workforce Development for 
Teachers and Scientists (WDTS) under the Science Undergraduate Laboratory Internships Program (SULI). 

Cost Comparison 

Introduction 

PROTECT TW
Carbon Adsorber Canisters

Description
The PROTECT TW carbon adsorber canisters are economical
water treatment units for short term usage applications.
PROTECT TW canisters contain all of the operating elements
required for utilization of granular activated carbon in water
treatment, including a corrosion resistant underdrain for effective
treated water collection. The PROTECT TW canisters are
constructed of carbon steel with a corrosion resistant inner coat-
ing for use with granular activated carbon in water treatment.

The PROTECT TW carbon adsorber canisters are available in 3
convenient sizes that will contain 500, 1000, and 2000 pounds
of granular activated carbon for treating water sources up to
90 gpm.

The PROTECT TW canisters can be provided with any of Calgon
Carbon’s wide variety of liquid phase granular activated carbon
products that can be specifically selected for a specific water or
liquid treatment application. Most commonly used are Filtrasorb
grade virgin activated carbon for higher purity water or optimal
carbon usage for low levels of organic contamination, or DSR
series quality controlled reactivated grade carbon for a more
economical carbon product or wastewater treatment.

Features
The PROTECT carbon adsorber canisters offer several important
features that make it an effective value driven option for many
water treatment applications:

• Sturdy carbon steel construction
• Capable of operating up to 75 psig as canisters are shop
hydrotested at higher pressures after fabrication.

• Interior is coated with a corrosion resistant high solids
epoxy coating

• Exterior painted with a durable urethane finish
• Operating temperature up to 140 degrees F
• Top 12X16 access port for activated carbon media fill
and removal

• Lower PVC laterals with carbon retention slots for even
water collection and maximum activated carbon utilization.

• Top inlet flow defector to allow introduction of influent
water above the carbon bed

• Top lifting lugs and bottom forklift guides for portability

Specifications

Canister Sturdy carbon steel canister with flat
bottom and dished top head

Pressure Recommended 75 psig maximum
operating pressure; shop hydrotested
in excess of recommended pressure

Temperature Recommended 140˚F (max)

Internal Coating High solids epoxy

External Coating Direct-to-Metal polyurethane

Inlet 2” FPT coupling (all sizes) shipped
with plug

Inlet Distributor PVC inlet flow deflector

Vent ¾” FPT coupling with ¾” brass ball valve

Outlet 2” FPT coupling (all sizes) shipped
with plug

Outlet Collector PVC pipe with slotted laterals

Drain ¾ ” FPT coupling with ¾”
threaded plug

Access Port 12”x16” access port with EPDM gasket

Dimensions Refer to Model Chart

Making Water and Air Safer and Cleaner

PROTECT TW
Carbon Adsorber Canisters
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Warranty
Calgon Carbon Corporation warrants that the PROTECT TW
canister will be free from defects in materials and workmanship
for a period of 90 days following the date of purchase. In the
event of a breach of this warranty, Calgon Carbon Corporation
will, in its discretion, repair or replace any defective parts or the
complete unit during the warranty period. This warranty does not
apply to defects caused by ( i) normal wear and tear, ( ii) accident,
disaster or event of force majeure, ( iii) misuse, fault or
negligence of or by Buyer, ( iv) use of the PROTECT TW canister
in a manner for which it is not designed, (v) external causes such
as, but not limited to, power failure or electrical power surges, or
(vi) improper storage and handling of the PROTECT TW canister.
Except as expressly provided in this warranty statement,
Calgon Carbon Corporation disclaims all other warranties,
whether express or implied, oral or written, including without
limitations all implied warranties or merchantability or
fitness for particular purpose. Calgon Carbon Corporation
does not warrant that the PROTECT TW canisters are
error-free or will accomplish any particular result. Any advice
or assistance furnished by Calgon Carbon Corporation in
relation to the PROTECT TW canister provided for hereunder
shall not give rise to any warranty or guarantee of any kind.
This warranty will take precedence over any and all other
warranties unless specifically disclaimed and referenced by
Calgon Carbon Corporation.

Safety Message
Activated carbon will preferentially remove oxygen from air. In
closed or partially closed containers or vessels, oxygen depletion
may reach hazardous levels. If workers are to enter a container
or vessel containing activated carbon, appropriate air sampling
and work procedures for potentially low oxygen content spaces
should be followed, including all applicable Federal and State
requirements.

Limitations of Liability
Carbon Corporation’ liability and the Buyer’s exclusive remedy
for any cause of action arising out this transaction, including, but
not limited to, breach of warranty, negligence and/or
indemnification, is expressly limited to a maximum of the
purchase price of the canister sold hereunder. All claims of
whatsoever nature shall be deemed waived unless made in
writing within forty-five (45) days of the occurrence giving rise to
the claim. Under no circumstance shall Calgon Carbon
Corporation be liable for any incidental, consequential, punitive,
exemplary, or special damages of any kind arising as a result of
or in connection with the PROTECT TW canisters regardless of the
cause giving rise to any claim. Nor shall Calgon Carbon
Corporation be liable for loss of profits or fines imposed by
governmental agencies. In no event shall Calgon Carbon
Corporation’s liability exceed the purchase price paid by
purchaser, for any reason, whether by reason of breach of
contract, tort, indemnification, warranty or otherwise. This
limitation of liability statement will take precedence over any and
all other liability provisions unless specifically disclaimed and
referenced by Calgon Carbon Corporation.

Calgon Carbon Corporation
P.O. Box 717
Pgh, PA USA 15230-0717
1-800-422-7266
Tel: 1-412-787-6700
Fx: 1-412-787-6713

Chemviron Carbon
European Operations of
Calgon Carbon Corporation
Zoning Industriel C de Feluy
B-7181 Feluy, Belgium
Tel: + 32 (0) 64 51 18 11
Fx: + 32 (0) 64 54 15 91

Calgon Carbon Asia PTE LTD
9 Temasek Boulevard
# 08-01A Suntec Tower Two
Singapore 038989
Tel: + 65 6 221 3500
Fx: + 65 6 221 3554

Your local representativeMaking Water and Air Safer and Cleaner

PV® Ser ies L iquid Phase Adsorber s
PV-500, PV-1000, PV-2000

Water Technologies

Applications
The PV® Series adsorbers are designed for use in a
wide range of low/high flow and pressure
applications.

Groundwater remediation
Wastewater filtration
Tank rinse water treatment
Pilot testing
Underground storage tank clean up
Leachate treatment
Dechlorination
Spill cleanup
Hydrotesting
Drinking Water

Installation, Startup and Operation
Siemens can provide a total service package that
includes utilizing OSHA trained personnel providing
on-site carbon changeouts, packaging and
transportation of spent carbon for recycling at our
reactivation facilities.

At the time of purchase or rental of the adsorbers,
arrangements should be made for the reactivation of
the spent carbon. Siemens will provide instructions
and assistance on how to obtain acceptance of the
spent carbon at our reactivation facilities. Spent
carbon cannot be accepted for reactivation until the
acceptance process is completed.

Benefits & Design Features
Durable, carbon steel construction includes
internally/externally welded seams.
SSPC-SP5 sandblasted, NSF-approved baked
epoxy interior coating; urethane exterior
finish.
Approved for the transport of hazardous
spent carbon.
Top and side manways permit easy access
and inspection of vessels internals and
linings.
Skid-mounted for easy handling and
installation.
Optimized underdrain system for low
pressure drop operation.

Piping Manifold (Optional)
2”/3” sch 80 PVC piping and valves that allow
either adsorber to be used in the lead or lag
position (optional carbon steel and stainless
steel piping).
Series or parallel operation.
Clean utility water connection for manual
backflush.
Sampling ports and pressure gauges.
Flexible hoses with Kamlock fittings allow
easy installation and removal during service
exchange operations.
Available for purchase or rental.

ELEVATION

PLAN

A A
SECTION A-A

PG Ser ies Polyglass Adsorber s
PG180, PG500, PG750, PG1100, PG1400, PG2200, PG5000

Water Technologies

Applications
Siemens Water Technologies offers a full line of
polyglass liquid phase adsorbers engineered to
remove contaminants from high pressure liquid
streams while providing maximum corrosion
resistance. These adsorbers are manufactured with
fiberglass reinforced resin and an inner polyethylene
liner. The PG series adsorbers can be utilized by
industrial, municipal, or commercial users in a variety
of applications.

Decolorization
Product Purification
Process Water Filtration
Groundwater Remediation
Wastewater Treatment
Drinking Water Treatment

Installation, Startup and Operation
Siemens Water Technologies can provide a total
service package that includes utilizing OSHA trained
personnel providing on-site carbon changeouts,
packaging and transportation of spent carbon for
recycling at our reactivation facilities.

At the time of purchase or rental of the adsorbers,
arrangements should be made for the reactivation of
the spent carbon. Siemens Water Technologies will
provide instructions and assistance on how to obtain
acceptance of the spent carbon at our reactivation
facilities. Spent carbon cannot be accepted for
reactivation until the acceptance process is
completed.

Benefits & Design Features
Durable, Fiberglass Reinforced Resin
construction – provides strength for high
pressure applications and protection from
corrosive environments
Polyethylene liner and Polypropylene Internal
Fittings – provides excellent internal
protection against corrosive liquids
Optional Transport Frame provided for easy
transport and installation
Optional Carbon Fill and Discharge piping
(Schedule 80 PVC) provided for slurry carbon
transfer
Available for Purchase or Rental
Approved for the transport of hazardous
spent carbon (when supplied with optional
Transport Frame)
Maximum working pressure of 100 psig (689
kPa) for model PG5000, and maximum
working pressure of 150 psig (1034 kPa) for
all other models
Temperature Limit of 140°F (60 C)
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ADVANCED LIQUID PROCESSING SYSTEM (ALPS) 
Demineralization/Deep Bed Filtration Vessels  
EnergySolutions’ demineralization/deep bed 
filtration vessels are designed to ensure 
appropriate contact retention times are maintained 
between the Liquid Radioactive Waste (LRW) 
and process media to remove the ionic impurities. 
The internal distribution piping is also designed to 
ensure that all of the process media in the vessel 
is contacted by the LRW equally at flow rates up 
to 75gpm. This ensures maximum depletion of all 
process media, thus reducing media change-outs 
and secondary waste generation.  

Each vessel efficiently performs as an ion 
exchange, adsorption or filtration vessel. Inlet and 
outlet piping manifolds are designed to allow the 
isolation of a vessel(s) without the interruption of 
the process phase. Isolation of a vessel may be 
required for recharging of media or maintenance. 
Isolation of a vessel may also be desired if the 
feed water chemistry does not require a certain 
vessel to be in operation to meet site-specific 
effluent goals. EnergySolutions Ion Exchange 
Vessels are rated for 150 psig.  

Demineralization vessels loaded with appropriate ion exchange resin remove unwanted 
radioactive ions from LRW. The demineralization vessel(s) can be charged with any ion 
exchange or adsorption media available, including specialty ion-selective media.  

ALPS™ Hose Package 
EnergySolutions typically installs its liquid processing equipment in two phases. First, we install 
pressure vessels. Upon completion of the hardware installation phase, EnergySolutions takes 
field measurements to determine the actual required hose lengths relative to the equipment 
configuration and the plant’s influent/effluent interface locations. This method ensures that 
proper bend radiuses are maintained and unnecessary hose lengths are eliminated. It also allows 
custom hose lengths to minimize costs, improve area aesthetics and eliminate any hoses crossing 
walkways.  

Hoses are supplied in a standard 150 psi rated, 1  inch diameter with stainless steel Cam-Loc 
connections. Hoses are constructed with Ultra High Molecular Weight Polyethylene 
(UHMWPE) tubing with multiple high tensile textile plies with dual wire helix reinforcements 
and smooth blue chemical, weather and ozone resistant EPDM cover. Each hose is pressure 
tested by EnergySolutions prior to shipment. 

 
Typical Ion Exchange Vessel. 

PV® Ser ies L iquid Phase Adsorber s
PV-500, PV-1000, PV-2000

Water Technologies

Applications
The PV® Series adsorbers are designed for use in a
wide range of low/high flow and pressure
applications.

Groundwater remediation
Wastewater filtration
Tank rinse water treatment
Pilot testing
Underground storage tank clean up
Leachate treatment
Dechlorination
Spill cleanup
Hydrotesting
Drinking Water

Installation, Startup and Operation
Siemens can provide a total service package that
includes utilizing OSHA trained personnel providing
on-site carbon changeouts, packaging and
transportation of spent carbon for recycling at our
reactivation facilities.

At the time of purchase or rental of the adsorbers,
arrangements should be made for the reactivation of
the spent carbon. Siemens will provide instructions
and assistance on how to obtain acceptance of the
spent carbon at our reactivation facilities. Spent
carbon cannot be accepted for reactivation until the
acceptance process is completed.

Benefits & Design Features
Durable, carbon steel construction includes
internally/externally welded seams.
SSPC-SP5 sandblasted, NSF-approved baked
epoxy interior coating; urethane exterior
finish.
Approved for the transport of hazardous
spent carbon.
Top and side manways permit easy access
and inspection of vessels internals and
linings.
Skid-mounted for easy handling and
installation.
Optimized underdrain system for low
pressure drop operation.

Piping Manifold (Optional)
2”/3” sch 80 PVC piping and valves that allow
either adsorber to be used in the lead or lag
position (optional carbon steel and stainless
steel piping).
Series or parallel operation.
Clean utility water connection for manual
backflush.
Sampling ports and pressure gauges.
Flexible hoses with Kamlock fittings allow
easy installation and removal during service
exchange operations.
Available for purchase or rental.

PROTECT TW
Carbon Adsorber Canisters

Description
The PROTECT TW carbon adsorber canisters are economical
water treatment units for short term usage applications.
PROTECT TW canisters contain all of the operating elements
required for utilization of granular activated carbon in water
treatment, including a corrosion resistant underdrain for effective
treated water collection. The PROTECT TW canisters are
constructed of carbon steel with a corrosion resistant inner coat-
ing for use with granular activated carbon in water treatment.

The PROTECT TW carbon adsorber canisters are available in 3
convenient sizes that will contain 500, 1000, and 2000 pounds
of granular activated carbon for treating water sources up to
90 gpm.

The PROTECT TW canisters can be provided with any of Calgon
Carbon’s wide variety of liquid phase granular activated carbon
products that can be specifically selected for a specific water or
liquid treatment application. Most commonly used are Filtrasorb
grade virgin activated carbon for higher purity water or optimal
carbon usage for low levels of organic contamination, or DSR
series quality controlled reactivated grade carbon for a more
economical carbon product or wastewater treatment.

Features
The PROTECT carbon adsorber canisters offer several important
features that make it an effective value driven option for many
water treatment applications:

• Sturdy carbon steel construction
• Capable of operating up to 75 psig as canisters are shop
hydrotested at higher pressures after fabrication.

• Interior is coated with a corrosion resistant high solids
epoxy coating

• Exterior painted with a durable urethane finish
• Operating temperature up to 140 degrees F
• Top 12X16 access port for activated carbon media fill
and removal

• Lower PVC laterals with carbon retention slots for even
water collection and maximum activated carbon utilization.

• Top inlet flow defector to allow introduction of influent
water above the carbon bed

• Top lifting lugs and bottom forklift guides for portability

Specifications

Canister Sturdy carbon steel canister with flat
bottom and dished top head

Pressure Recommended 75 psig maximum
operating pressure; shop hydrotested
in excess of recommended pressure

Temperature Recommended 140˚F (max)

Internal Coating High solids epoxy

External Coating Direct-to-Metal polyurethane

Inlet 2” FPT coupling (all sizes) shipped
with plug

Inlet Distributor PVC inlet flow deflector

Vent ¾” FPT coupling with ¾” brass ball valve

Outlet 2” FPT coupling (all sizes) shipped
with plug

Outlet Collector PVC pipe with slotted laterals

Drain ¾ ” FPT coupling with ¾”
threaded plug

Access Port 12”x16” access port with EPDM gasket

Dimensions Refer to Model Chart
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Warranty
Calgon Carbon Corporation warrants that the PROTECT TW
canister will be free from defects in materials and workmanship
for a period of 90 days following the date of purchase. In the
event of a breach of this warranty, Calgon Carbon Corporation
will, in its discretion, repair or replace any defective parts or the
complete unit during the warranty period. This warranty does not
apply to defects caused by ( i) normal wear and tear, ( ii) accident,
disaster or event of force majeure, ( iii) misuse, fault or
negligence of or by Buyer, ( iv) use of the PROTECT TW canister
in a manner for which it is not designed, (v) external causes such
as, but not limited to, power failure or electrical power surges, or
(vi) improper storage and handling of the PROTECT TW canister.
Except as expressly provided in this warranty statement,
Calgon Carbon Corporation disclaims all other warranties,
whether express or implied, oral or written, including without
limitations all implied warranties or merchantability or
fitness for particular purpose. Calgon Carbon Corporation
does not warrant that the PROTECT TW canisters are
error-free or will accomplish any particular result. Any advice
or assistance furnished by Calgon Carbon Corporation in
relation to the PROTECT TW canister provided for hereunder
shall not give rise to any warranty or guarantee of any kind.
This warranty will take precedence over any and all other
warranties unless specifically disclaimed and referenced by
Calgon Carbon Corporation.

Safety Message
Activated carbon will preferentially remove oxygen from air. In
closed or partially closed containers or vessels, oxygen depletion
may reach hazardous levels. If workers are to enter a container
or vessel containing activated carbon, appropriate air sampling
and work procedures for potentially low oxygen content spaces
should be followed, including all applicable Federal and State
requirements.

Limitations of Liability
Carbon Corporation’ liability and the Buyer’s exclusive remedy
for any cause of action arising out this transaction, including, but
not limited to, breach of warranty, negligence and/or
indemnification, is expressly limited to a maximum of the
purchase price of the canister sold hereunder. All claims of
whatsoever nature shall be deemed waived unless made in
writing within forty-five (45) days of the occurrence giving rise to
the claim. Under no circumstance shall Calgon Carbon
Corporation be liable for any incidental, consequential, punitive,
exemplary, or special damages of any kind arising as a result of
or in connection with the PROTECT TW canisters regardless of the
cause giving rise to any claim. Nor shall Calgon Carbon
Corporation be liable for loss of profits or fines imposed by
governmental agencies. In no event shall Calgon Carbon
Corporation’s liability exceed the purchase price paid by
purchaser, for any reason, whether by reason of breach of
contract, tort, indemnification, warranty or otherwise. This
limitation of liability statement will take precedence over any and
all other liability provisions unless specifically disclaimed and
referenced by Calgon Carbon Corporation.

Calgon Carbon Corporation
P.O. Box 717
Pgh, PA USA 15230-0717
1-800-422-7266
Tel: 1-412-787-6700
Fx: 1-412-787-6713

Chemviron Carbon
European Operations of
Calgon Carbon Corporation
Zoning Industriel C de Feluy
B-7181 Feluy, Belgium
Tel: + 32 (0) 64 51 18 11
Fx: + 32 (0) 64 54 15 91

Calgon Carbon Asia PTE LTD
9 Temasek Boulevard
# 08-01A Suntec Tower Two
Singapore 038989
Tel: + 65 6 221 3500
Fx: + 65 6 221 3554

Your local representativeMaking Water and Air Safer and Cleaner
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Current System 

Figure 1 (top). Chemical structure of clinoptilolite zeolite. Large octagonal spaces in molecular structure 
allow clinoptilolite to readily bond with heavy metals such as radioactive strontium-90. 
Source: <http://crystaldetox.com.au/wp-content/uploads/2012/09/ZeoliteGrid3.png> 
Figure 2 (bottom). Macroscopic photograph of clinoptilolite sand media. 

a b c

a b c

Figures 3 and 4. Sr-90 groundwater treatment system in building 855. 
Taken by Laboratory Photographer Michael Herbert. 
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