February 4, 2021
Mr. Ronald A. Schwarz, P.E., BCEE
Pennsylvania Department of Environmental Protection
Regional Director
Southwest Regional Office
400 Waterfront Drive
Pittsburgh, PA 15222-4745
Subject: Westmoreland Sanitary Landfill
Air Quality Plan Approval (65-00767C) – Additional Information
Rostraver Township, Westmoreland County, Pennsylvania
PADEP Permit No. 100277
Civil Design Solutions Project 2020-040
Civil Design Solutions, Inc. (Design Solutions) is pleased to submit this response to the PADEP
November 13, 2020 Additional Information Deficiency Response Letter regarding the Air Plan
Approval Application for the Westmoreland Sanitary Landfill, LLC. – Westmoreland Sanitary
Landfill (WSL) facility located in Rostraver Township, Westmoreland County, Pennsylvania. WSL
received a letter from the PADEP on July 2, 2020 requesting additional information for the Air Plan
Approval Application (65-00767C) and a response was provided on August 31, 2020 with follow up
information submitted on September 11, 2020 and September 28, 2020 via Email.
This letter has been prepared in a comment-response format where each PADEP request is
presented in bold and a written response is provided. The corresponding data and information
requested is included as attachments to this response as follows.
1.

The Deficiency Letter asked the applicant to provide: “The state of the radionuclide
emissions: particulate, gaseous, or other (please specify) and estimates of emissions for
each state.” This information was not provided in the responses. Please provide this
information as requested. The response should also include the bases for the
conclusions.

2.

In the response letter, dated September 23, 2020, from Perma-Fix, emission rates from
the evaporator were provided for total Radium in pCi/L of air. In the Deficiency
Letter, the Department asked that radiological parameters to be broken apart to
Radium 226 and Radium 228. This information was not provided in the responses.
Please provide this information as requested.

3.

The September 23, 2020, response provided a list of assumptions used to calculate the
maximum total radium emitted through the evaporator process. Please provide the
basis for the assumption that 99% of the radium goes into the sludge and 1% is
evaporated. Include any applicable supporting documentation. This is particularly
important given the fact that the data provided seems to indicate that radium is not
removed with the solids in the treatment system (see comment below) and therefore
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would remain in the water column going to the evaporator.
4.

The Deficiency Letter stated that “the calculated radiological parameter concentration
level at the outlet of the evaporator stack should be compared to the United States
Nuclear Regulatory Commission’s limits and “less than unity” rule specified Standards
for Protection Against Radiation, 10 CFR 20, Appendix B and submitted to the
Department for review.” This information was not provided in the responses. Please
provide this information as requested utilizing the worst-case analytical results from
the WSL leachate samples. Include any supporting information from the calculations.
Additionally, provide a correlation to determine the radionuclide content of the
leachate that would result in the exceedance of unity.
Response to Comments 1, 2, 3 and 4: Potential radionuclide emissions consisting of
Radium will be in the form of particulate matter as radium-226 and radium-228. Radium
exists in a solid state and if emitted through the evaporator would be in the form of a
particulate or particle. Perma-Fix Environmental Services prepared a revised calculation
package (Attachment 1) which provides additional information as well as conservative
estimates of potential radiological emissions.
The revised calculations estimated potential emissions of radium-226 and radium-228 from
the leachate evaporator utilizing the following highly conservative assumptions.


The maximum concentrations of radium-226 and radium-228 obtained from
laboratory testing of representative samples of the facility’s leachate were used to
model the radium within the leachate in the calculations. Composite samples of the
facilities leachate were collected over one-week periods to provide two approximate
50-gallon representative samples (Week 1 and Week 2) for testing the Pentair HRT
pre-treatment system. During the bench scale test, smaller samples were collected
prior to passing through the pre-treatment system (unfiltered) and after passing
through the pre-treatment system (filtered) and sent to a laboratory for testing. The
emissions calculations utilized the maximum concentration of radium-226 and
radium-228 from both the unfiltered and filtered leachate samples. A more detailed
description of the HRT bench scale test as well as a complete copy of the laboratory
results is included in the August 31, 2020 response to the PADEP July 2, 2020
Information Request Letter.



The radiological emissions calculations model 100% of the leachate passing through
the evaporator to include the maximum concentrations of radium-226 and radium228 discussed above.



The radiological emission calculations model 100% of the particulate matter which
may contain radium as radium-226 and radium-228 is emitted into the air through the
evaporator stack.
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It is important to note the conservancy of the radiological emissions calculations by
describing the following two (2) processes which will remove particulate matter prior to
evaporation that could potentially contain radium.
1.) Pentair HRT Pre-Treatment System – all leachate from the landfill will pass through
the Pentair HRT pre-treatment system prior to passing through the leachate
evaporator. The proposed pre-treatment system will remove 99.89% of total
suspended solids (TSS), which are considered particles 2-micron and larger, and
99.98% of particles 3-micron and larger. Therefore, any potential Radium-226 or
Radium-228 within particles 2-micron and larger would be removed during the pretreatment process at a 99.89% efficiency and particles 3-micron and larger at a
99.98% efficiency. Filter media within the HRT system which collects particulate
matter will follow the PADEP Form U process for disposal when filter changeout is
required. Additional information on the filter media as well as the efficacy of the
pre-treatment system is discussed under the Response to Item 5 with this response.
2.) Evaporator Mist Elimination – the proposed evaporator includes a three-stage highefficiency mist eliminator which removes 99% of total dissolved solids (TDS),
which are considered particles less than 2-micron, that may be present within the
leachate. Therefore, any potential radium-226 or radium-228 within particles 2micron and smaller would be removed during the evaporator process at a 99%
efficiency. The proposed system evaporates approximately 90% of the leachate
passing through with and approximate 10% (including the 2-micron and smaller
particles) discharge which will be continuously collected in a dual-contained storage
box adjacent to the evaporator. The discharge will be disposed of at the WSL
facility in accordance with the facility’s permits and PADEP regulations.
Specifically, each load of waste from the evaporator will be scanned for radiation by
passing through the landfills fixed portal radiation detectors in accordance with
PADEP Form X and each box will follow the PADEP Form U process for disposal.
Also, a Contingency Plan for managing the evaporator wastes has been prepared and
is included in the facility’s Form 25 to set forth procedures for managing the disposal
of the evaporator wastes.
Therefore, as described by these two processes, 99.89% of particles 2-micron and larger and
99% of particles 2-micron and smaller, will be removed from the leachate prior to
evaporation. However, for conservancy, the radiological emissions calculations assume that
100% of all particles will be routed through the evaporator and any particles which contain
radium-226 and radium-228 would be emitted through the evaporator stack. To provide
practical context of the level of conservativism modeled in the radiological emissions
calculations, the assumptions are comparable to estimating radiological emissions of raw
leachate being discharged into the air.
The maximum tested concentrations of radium-226 (8.74 pCi/L) and radium-228 (4.09
pCi/L) within the leachate, assuming no prior removal / filtration of particles as the system
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has been proven to achieve, would result in maximum radium-226 and radium-228
emissions of 1.99E-5pCi/L and 9.36E-6pCi/L, respectively.
These conservatively estimated emissions of radium-226 and radium-228 were compared to
the Nuclear Regulatory Commissions (NRC) air discharge limits using a unity rule
calculation. The unity rule calculation resulted in a value of 0.027 which is well below the
NRC unity rule limit of 1.0 to demonstrate compliance. Once again, these results assumed
0% pre-treatment reduction of TSS or TDS and 0% TDS reduction through the evaporator
mist elimination system. Considering the evaporator mist elimination system which is
designed and proven to provide a 99% reduction of TDS, leachate passing through the
evaporator (after pre-treatment) at the maximum tested concentrations of radium-226 (8.74
pCi/L) and radium-228 (4.09 pCi/L) would result in a unity rule calculation equal to 0.00027
(i.e., concentrations would have to increase 3,703 times to exceed the NRC unity rule.).
Lastly, a calculation was performed to estimate the concentrations of radium 226 and radium
228 in the leachate prior to evaporation (post pre-treatment) that would result in particulate
emissions of radium 226 and radium 228 in excess of the NRC limits. Again, these
conservative estimates assume 0% pre-treatment reduction of TSS or TDS, and 0% TDS
reduction through the evaporator mist elimination system. Under these highly conservative
assumptions, the leachate entering the evaporator would have to include radium-226 and
radium-228 concentrations of 393 pCi/L and 874 pCi/L to exceed the NRC air discharge
limits. Considering the evaporator mist elimination system as it is designed and proven to
provide a 99% reduction of TDS, the leachate passing through the evaporator (after pretreatment) would more realistically have to include radium-226 and radium-228
concentrations of 39,300 pCi/L and 87,400 pCi/L to exceed the NRC air discharge limits.
These levels still assume no reduction in TSS or TDS in the pre-treatment.
Following installation and startup of the HRT pre-treatment and leachate evaporation
system, the site will collect representative samples of leachate (before and after pretreatment) in accordance with the Solid Waste Permit and the resulting radium-226 and
radium-228 concentrations will be compared with the calculated concentrations. This
process (along with the process outlined under the response to Item 7) will demonstrate
compliance with the NRC Limits.
5.

The results from the bench scale test provided in #5 of WSL’s August 31, 2020
responses were not consistent with the guarantee by Pentair of 99.97% reduction in
TSS and 99.9% reduction in hydrocarbons. The test showed a hydrocarbon reduction
of 99.4% and TSS reduction of 94.4%. Provide more information that demonstrates
that the applicant can achieve the manufacturer’s guarantee reductions in practice.
Include any applicable supporting documentation.
Response: Following receipt of the November 13, 2020 Comment Letter, WSL discussed
the TSS and hydrocarbon reduction guarantees with Pentair, the HRT pre-treatment system
manufacturer. It is important to note, the Pentair guarantee specifies a 99.97% reduction in
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particles 3-micron and larger in size where TSS is considered particles which are 2-micron
and larger in size. Thus, a TSS reduction could be less than 99.97% and the manufacturer’s
guaranteed reduction in 3-micron particle could still be met.
In order to demonstrate the performance guaranteed by Pentair, WSL personnel collected
representative samples of the facility’s leachate on December 4, 2020 and shipped them to
the Pentair laboratory in Conroe, Texas for analysis. Pentair analyzed the as-received
samples for total hydrocarbon content and performed analyses to estimate the particles
greater than 3-micron and particles greater than 2-micron (TSS).
The HRT pre-treatment system to be installed at WSL includes four stages of filtration
where the first two stages remove larger particles, the third stage removes finer particles and
the fourth stage separates and removes hydrocarbons. Two new bench scale studies were
performed by Pentair in December 2020 to demonstrate the effectiveness of stage 3 and
stage 4. The first bench scale study utilized the filter media matching the pre-treatment
system to be installed at WSL in stage 3 and the second bench scale utilized improved filter
media for stage 3. It should be noted that for WSL to utilize the improved filter media in
stage 3, no system changes would be required, simply a different filter cartridge would be
installed within the currently proposed system for stage 3.
The following table summarizes the results from the December 2020 Pentair Study. The
complete results are included in the Pentair Report presented as Attachment 2 of this
response.
Test Scenario

TSS (>2.0 micron)
3.0 micron
Hydrocarbon
Reduction, %
Reduction, %
Reduction, %
Original Filter(1)
99.73
99.84
99.9
Improved Filter(2)
99.89
99.98
99.9
(1) The original filters represent filter media originally proposed for the
HRT pre-treatment system.
(2) The improved filters represent the MPXB filter media selected to
replace the original filter media based upon the improved
performance.

As demonstrated by the table above, a reduction of 99.73% of particles 2-mircon and larger
(TSS) and a reduction of 99.84% of particles 3-micron and larger were observed using the
stage 3 filters originally selected for WSL. However, the improved Stage 3 filters resulted
in a 99.89% reduction of particles 2-mircon and larger (TSS) and a 99.98% reduction of
particles 3-micron and larger. Additionally, a hydrocarbon removal of 99.9% was observed.
From a review of the results of the December 2020 study as well as discussions with Pentair,
WSL has selected to utilize the improved filters within stage 3 of the HRT system. No
changes will be required for installation or operation of the system other than using an
improved filter cartridge in the currently proposed filter housing. Therefore, the HRT pre1331 State Avenue • Coraopolis, Pennsylvania 15108
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treatment system will provide a hydrocarbon removal of 99.9%, a 3-micron particle size
removal of 99.98% and a 2-micron particle size removal of 99.89% which is consistent with
the Pentair guarantee.
A complete copy of the Pentair Report summarizing the December, 2020 study is presented
with this response as Attachment 2. Additionally, a product datasheet is presented in
Attachment 2 for the improved Pentair filter media to be utilized at WSL which will provide
the TSS, >3-micron, and hydrocarbon removal efficiencies outlined in the table above. The
HRT pre-treatment system includes easy to monitor pressure displays for each filter housing
which allows WSL personnel to monitor the system and anticipate filter changeout. Based
upon the preliminary bench scale studies, Pentair estimates filters may require changeout
every 2 to 4 weeks or longer. Operation of the HRT pre-treatment system and evaporator
process will include daily monitoring of the systems. During daily monitoring, WSL
personnel will observe operating pressures and perform filter changeout, as needed, based
upon the guidance of the manufacturer. The used filter media will follow the PADEP Form
U process for disposal.
6.

The Deficiency Letter asked the applicant to “Please provide any data that shows a
statistical correlation between both TDS and TSS removal and the removal of
radiological parameters through the treatment system.” WSL’s August 31, 2020
response stated: As demonstrated by the Summary of Analytical Results table
presented in Attachment D, the influent samples included Gross alpha in the range of 3.72 +/- 71.38 pCi/L to 14.8 +/-20.6 pCi/L, Gross Beta 353 +/- 67.1 pCi/L to 377 +/- 140
pCi/L, Radium-226 2.28 +/-1.32 pCi/L to 3.39 +/- 1.41 pCi/L and Radium 229 3.99 +/2.06 pCi/L to 4.09 +/- 1.89 pCi/L. The effluent samples showed some values higher
than the influent and some values lower than the effluent. Overall, there was no clear
reduction or increase in radiological concentrations when comparing the effluent
leachate samples to influent leachate samples.” Provide a detailed explanation
supporting WSL’s conclusion that “there is no clear reduction or increase in
radiological concentrations”.
Response: The previous HRT pre-treatment system bench scale study included laboratory
testing of influent leachate samples, testing filters from each stage of filtration, and testing
the final leachate effluent through the system. Radiological testing of the influent and
effluent leachate included testing concentrations of Gross alpha, gross beta, radium-226 and
radium-228. The testing was performed at a certified laboratory utilizing widely accepted
EPA test methods. The influent leachate results were compared with the effluent leachate
result for each parameter from each of the two weeks of sampling. Overall, the laboratory
reported low-level activity of radium-226 and radium-228 (which on a combined basis is in
the range of / slightly above drinking water limits of 5 pCi/L). Due to the low-level of
radioactivity in the samples, often times (5 out of 16 results) the measurement uncertainty
was greater than the reported activity.
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The following table provides a summary of the influent result compared with the effluent
result for each parameter.
Analyte

Influent
(pCi/L)
Act. +/- Unc. (MDC)

Gross Alpha
Gross Beta
Radium-226

14.8 +/- 20.6 (39.3)
353 +/- 67.1 (18.8)
2.28 +/- 1.32 (0.515)

Radium-228

4.09 +/- 1.89 (3.28)

Effluent
(pCi/L)
Act. +/- Unc. (MDC)
Week 1 Results
-44.6 +/- 58.4 (128)
331 +/- 83.7 (89.5)
4.90 +/- 2.72 (102)

Comparison of Effluent to Influent

Decrease, high uncertainty
Slight Decrease
Increase
Decrease, high uncertainty for
effluent

0.518 +/- 5.80 (13.4)
Week 2 Results
Gross Alpha
-3.72 +/- 71.8 (161)
27.9 +/- 26.5 (47.5)
Increase, high uncertainty influent
Gross Beta
377 +/- 140 (206)
137 +/- 44.9 (62.2)
Decrease
Radium-226 3.39 +/- 1.41 (0.383)
8.74 +/- 4.28 (1.39)
Increase
Radium-228
3.99 +/- 2.06 (3.69)
-2.41 +/- 3.52 (8.71)
Decrease, high effluent uncertainty
Notes: Act. = measured activity, Unc. = Uncertainty, MDC = minimum detectable concentration

Standard analytical reporting includes the result or measured activity (Act.), the standard
uncertainty or error (Unc.), and the minimum detectable concentration (MDC). The reported
uncertainty represents the variance above and below (+ or -) the reported result which is the
measured activity concentration of the sample. In short, the result is the reported quantity
and the uncertainty is the quality of such measurement. For example, a reported result and
uncertainty of 4.09 pCi/L ± 1.89 pCi/L indicates an activity concentration of 4.09 pCi/L with
little variance (relative to the result). Whereas, a reported result and uncertainty of 0.518
pCi/L + 5.80 pCi/L indicates a higher variance relative to the reported result. Low activity
in the sample, as was the case for the radium-226 and radium-228 concentrations in the
leachate bench scale study leachate, can cause high uncertainty or variances relative to the
low activity of the reported result.
As demonstrated through this summary table, the effluent concentration of gross alpha
decreased from the influent concentration during week 1 but increased during week 2. For
both weeks, there was high uncertainty in the results. Gross beta showed a slight decrease
(less than the uncertainty) from the influent concentration during week 1 and a decrease
during week 2. The effluent concentration of radium-226 was greater than the influent
concentration during both Week 1 and Week 2. The effluent concentration of radium-228
was less than the influent concentration during both Week 1 and Week 2, however the
uncertainties were greater than the results.
Based on the summary table, description of laboratory results, and uncertainties discussion
presented above, there was no clear reduction in the radiological results when comparing the
effluent samples to the influent samples. However, for purposes of estimating conservative
radiological emissions, the highest reported activity of radium-226 and radium-228 were
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utilized in the radiological emissions calculations included with this response.
During operations, the influent and effluent leachate will be sampled and tested on a
monthly basis for the radiological parameters (and others) listed above. The results of these
analyses will be compared to the concentration limits established in the calculations
presented in Attachment 1 and further described under the response to Items 1, 2, 3 and 4
above. Further, potential radiological emissions will be carefully monitored and tested as
part of the comprehensive Radiological Emissions Monitoring and Testing Plan described
under the response to Item 7.
7.

The Deficiency Letter asked the applicant to “Provide a proposal which demonstrates:
(a) that the air emissions from the evaporator will be equipped with reasonable and
adequate facilities to monitor and record the emissions of radionuclide air
contaminants (either appropriately sensitive radiation detectors or periodic analysis of
the particulate matter collected during periodic air emissions source testing) and
operating conditions which may affect the emissions of radionuclide air contaminants;
(b) that the records of radionuclide air contaminants are being and will continue to be
maintained; and (c) that the records of radionuclide air contaminants will be
submitted to the Department at specified intervals or upon request.” WSL’s August
31, 2020 letter did not adequately address how the applicant will monitor and record
emissions of radionuclide air contaminants from the evaporator.
While the
Department agrees that WSL should continue to monitor pre-treatment leachate for
radiological pollutants after installation of the evaporator and HRT system, the
Department does not agree that evaluating emissions monitoring systems should be
deferred until after installation and startup of the evaporator. Pursuant to 25 Pa.
Code 127.12(a)(3) this evaluation must be done during the plan approval application
process and prior to installation and startup of the evaporator. Please provide an
updated emissions monitoring analysis and proposal that includes real time monitoring
of radionuclide emissions. The analysis should be conducted as a top down analysis of
monitoring options considering technical feasibility and monitoring effectiveness.
Specify monitoring equipment and monitoring equipment location(s) and include
manufacturer’s specifications for the equipment. Additionally, the response did not
adequately address recordkeeping and did not provide “operating conditions which
may affect the emissions of radionuclide air contaminants”. Please provide an
adequate response.
Response: WSL has discussed the project with several vendors and Certified Health
Physicists and a comprehensive radiological monitoring and testing program is being
proposed. The Radiological Emissions Monitoring and Testing Plan presented as
Attachment 3 of this response includes Perimeter Monitoring, Area Monitoring, and
particulate matter testing directly from the evaporator stack. The Plan includes details on
the selection of monitoring and testing equipment, testing frequencies and the location of
testing devices to be installed at the facility.
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As demonstrated in the attached Plan, monitoring and testing will include quarterly stack
testing, weekly air testing and quarterly analysis of TLD monitoring. This program is
initially being proposed for a one-year period where WSL may wish to submit a request to
the PADEP to reduce the monitoring and testing frequencies based upon the results observed
during the one-year period. All results will be shared with the PADEP on a quarterly basis
by the end of the month following each quarter (First Quarter report will be submitted by the
end of April).
8.

The September 11, 2020, proposal from Lemos Labs, LLC, to conduct compliance
stack testing on the leachate evaporation system did not include all of the testing
requirements of the plan approval, including testing for PM10 (filterable and
condensable), PM2.5 (filterable and condensable), and VOC. Although not currently
part of the plan approval, testing for applicable radionuclides should also be
considered. All testing protocols must be approved by the Department’s Source
Testing Section prior to conducting stack testing.
Response: The September 11, 2020 proposal from Lemos Labs, LLC was previously
submitted to the Department to demonstrate the ability of a vendor to perform the required
testing when required for stack testing. Lemos Labs, LLC was further contacted to present a
proposal for the quarterly stack testing discussed in the response to Item 7 as well as
presented in the Monitoring and Testing Plan in Attachment 3 of this response. The ability
of a vendor to collect particulate matter and submit to a laboratory for radiological testing is
demonstrated through the Lemos Labs, LLC proposal dated December 14, 2020 included
with the Monitoring and Testing Plan.
Prior to performing compliance stack testing, WSL will submit the testing protocols for
review and approval by the Department. The testing will include all applicable requirements
to be detailed in the plan approval, including but not limited to, PM10 (filterable and
condensable), PM2.5 (filterable and condensable) and VOC. Additionally, radiological
testing will be included as part of the compliance stack testing which will be outlined in the
testing protocols to be reviewed and approved by the department prior to performing stack
testing. It is important to note, compliance stack testing will be performed in addition to the
quarterly testing of particulate matter collected from the evaporator stack as outlined in the
Radiological Emissions Monitoring and Testing Plan included in Attachment 3 of this
response.

9.

Additionally, the Deficiency Letter stated “Depending on the results of the testing
described above, the Department may require a Best Available Technology (“BAT”)
analysis that addresses radionuclide emissions. 25 Pa. Code 127.1 and 127.12(a)(2) and
127.12(a)(4) and 127.12(a)(5). If required, the BAT analysis would include a ranking of
the available control options for the evaporator and associated equipment in
descending order of control effectiveness, the evaluation of removal of a greater
percentage of suspended solids and radionuclides from the raw leachate prior to
evaporation, and an evaluation of the technical feasibility of the available control
1331 State Avenue • Coraopolis, Pennsylvania 15108
Phone (412) 299-2700 • Fax (412) 299-2922

Ronald A. Schwartz, P.E., BCEE
February 4, 2021
Page 10
options.” Note that the BAT analysis may be required by the Department depending
on the responses to the deficiencies identified in this letter.
Response: This response includes a summary of radiological results from laboratory testing
performed on leachate samples from the facility representative of raw leachate prior to
entering the HRT pre-treatment system and filtered leachate representative of the evaporator
influent. A radiological air emissions calculation package has been prepared to demonstrate
using the highest concentration of radium-226 and radium-228 observed within the leachate
samples (both influent and effluent) would result in radiological emissions well below NRC
limits. Further, this response proposes enhanced filtration within Stage 3 of the HRT pretreatment system which would further filter leachate prior to entering the evaporator system.
Lastly, this response proposes a comprehensive Radiological Emissions Monitoring and
Testing Plan to be performed by third-party consultants.
If you have any additional questions concerning the additional information presented for the Air Plan
Approval Application, please do not hesitate to contact Mr. Rich Walton of Sanitary Landfill, at (610)
698-9291 or our office at (412) 299-2700.
Sincerely,
Civil Design Solutions, Inc.

Michael E. Zucatti, P.E.
Senior Project Manager, Ext. 157
cc:

David W. Murray, P.E.
Principal Engineer, Ext. 151

Mr. Rich Walton, Sanitary Landfill – 1 Copy
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AIR PLAN APPROVAL – ADDITIONAL INFORMATION
FEBRUARY 2021 TECHNICAL RESPONSE LETTER

ATTACHMENT 1
CALCULATIONS PREPARED BY PERMA-FIX
ENVIRONMENTAL SERVICES

29 December 2020

Alexander Sulkowski
Director
Noble Environmental Inc.
m. 412.979.5493
asulkowski@nobleenviro.com
RE: Westmoreland Sanitary Landfill, Radium Throughput, Rev. 3
Dear Mr. Sulkowski,
Noble Environmental Inc. (Noble) reached out to Perma-Fix Environmental Services, Inc.
(Perma-Fix) requesting assistance with determining total radium concentrations at the
Westmoreland Sanitary Landfill in Westmoreland, PA. This letter provides the calculations and
assumptions to determine the maximum radium-226 (Ra-226) and radium-228 (Ra-228) in the
sludge material and emitted through the evaporation process, based on limited knowledge of the
process and sample results along with the manufacturer specifics. This letter has been revised
to assume all influent radium is emitted as a particulate during the evaporation process.
Radium: Data based on analytical results provided to Perma-Fix showing maximum results of
8.74 pico-Curies per Liter (pCi/L) Ra-226 and 4.09 pCi/L Ra-228 of fluids influent to evaporator.
Assumptions:
• 45,000 gal/day processed through system (maximum system capacity)
• The entire 45,000 gal/day is emitted through evaporation (conservative assumption)
• 100% of radium gets evaporated with the 45,000 gal/day
• 30,400 scfm vapor flow rate from stack (including 22% moisture content)
𝑝𝑝𝑝𝑝𝑝𝑝
8.74𝑝𝑝𝑝𝑝𝑝𝑝
3.78𝐿𝐿 45,000𝑔𝑔𝑔𝑔𝑔𝑔
𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅226 =
𝑅𝑅𝑅𝑅226 ×
×
= 𝟏𝟏. 𝟒𝟒𝟒𝟒𝟕𝟕𝑬𝑬𝟔𝟔 𝒑𝒑𝒑𝒑𝒑𝒑/𝒅𝒅𝒅𝒅𝒅𝒅
𝑑𝑑𝑑𝑑𝑑𝑑
𝐿𝐿
𝑔𝑔𝑔𝑔𝑔𝑔
𝑑𝑑𝑑𝑑𝑑𝑑

𝑝𝑝𝑝𝑝𝑝𝑝
1.487𝐸𝐸 6 𝑝𝑝𝑝𝑝𝑝𝑝
𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑𝑑𝑑
1𝑐𝑐𝑐𝑐
𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅226 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒. =
×�
�×
×
= 𝟏𝟏. 𝟗𝟗𝟗𝟗𝑬𝑬−𝟓𝟓 𝒑𝒑𝒑𝒑𝒑𝒑/𝑳𝑳
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𝑜𝑜𝑜𝑜 𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎/𝑳𝑳
𝐿𝐿

𝑝𝑝𝑝𝑝𝑝𝑝
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The Nuclear Regulatory Commission (NRC) Ra-226 air discharge limit is 9E-4 pCi/L, which
assumes, if inhaled or ingested continuously over the course of a year, would produce a total
effective dose equivalent of 50 millirem. Similarly, the Ra-228 air discharge limit is 2E-3 pCi/L.
The calculated Ra-226 and Ra-228 emission concentrations of 1.99E-5 pCi/L and 9.36E-6 pCi/L,
respectively, (assuming 100% is emitted through evaporation) are below the NRC Ra-226 and
Ra-228 limits. Compliance is demonstrated using a unity rule calculation, the result of which is
required to be <1. The unity rule calculation is as follows:
𝑝𝑝𝑝𝑝𝑝𝑝
𝑝𝑝𝑝𝑝𝑝𝑝
9.36𝐸𝐸 −6
𝐿𝐿 +
𝐿𝐿 = 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟕𝟕
𝑝𝑝𝑝𝑝𝑝𝑝
𝑝𝑝𝑝𝑝𝑝𝑝
−4
−3
9𝐸𝐸
2𝐸𝐸
𝐿𝐿
𝐿𝐿

1.99𝐸𝐸 −5

Using the same assumptions in the calculations shown on page 1, the incoming Ra-226
concentration in the water would need to be more than 393 pCi/L to exceed the NRC air
discharge limit. The incoming Ra-228 concentration in the water would need to be more than
874 pCi/L to exceed the NRC air discharge limit.
Please contact me if you have any questions or require further information.
Sincerely,

Alejandro Lopez, CHP
Director- Health Physics Operations
(724) 728-3960
alopez@perma-fix.com
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th
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REFERENCE

Landfill Leachate HRT System
 Stage 1: FMV1904H03V-PRE
 Stage 2: FMV1904H031V
 Stage 3: FMC1904H031V
 Stage 4: FCA1904H031V

ANALYSIS PERFORMED

1.
2.
3.
4.
5.

HRT evaluation
ProcessOR evaluation
Total hydrocarbon content
Total suspended solids analysis
Photomicrographic analysis of
gravimetric membranes
6. Particle size distribution
7. Elemental analysis
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PROJECT SUMMARY
The HRT evaluations performed at Pentair’s Conroe, TX laboratory were performed on leachate
samples from the Westmorland site in order to validate that the system appropriate for leachate pretreatment prior to disposal via evaporation. The testing confirmed that Pentair’s HRT technology
could remove the free and dispersed hydrocarbon content in the leachate down to the solubility
limit. HRT effluent had a hydrocarbon concentration of 0.8-0.9 mg/L after being trialed with
solutions of leachate with 500-1000 ppm of dispersed oil droplets, a reduction of 99.9% of all
hydrocarbon content. The remaining trace hydrocarbon are believed to be dissolved in the water.
Particle size distribution analysis performed on the unfiltered indicated a broad range of particulate,
with particulates ranging from sub-micron to more than 100 microns in size. Leachate filtered using
the existing Grade MPXD glass microfiber media, followed by the HRT module had an overall
efficiency at 2 microns of 99.73%, and an efficiency of 99.83% at 3 microns.
A second particle size distribution analysis performed with using the Pentair Grade MPXB glass
microfiber media, provided an overall efficiency at 2 microns of 99.89%, and an efficiency of 99.97%
at 3 microns.
Gravimetric analysis of the leachate as received had a total solids concentration of 86.4 mg/L when
measured with a 1.2 micron membrane and 57.1 mg/L when measured with a 3.0 micron membrane.
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PROJECT BACKGROUND
The Westmoreland Sanitary Landfill in Belle Vernon, Pennsylvania receives water from
residential and industrial customers throughout the region. The leachate from the site landfill
has historically been disposed of via local or regional water disposal facilities. In an effort to
reduce disposal volumes, the Westmoreland facility has been evaluating Pentair filtration and
separation technologies for the removal of both particulate and hydrocarbon contaminants.
In late 2019, a Hydrocarbon Recovery Technology package (HRT) utilizing four separation
stages was installed on the leachate stream. The system utilizes three stages of solid
particulate filtration: stage 1 utilizes VMAX PN: FMV1904H031V-PRE as a pre-filter, stage 2
utilizes VMAX PN: FMV1904H031V and stage 3 utilizes COMPAX PN: FMC1904H031V as a
polishing filter. The HRT vessel is stage 4 of the system and utilizes PN: FCA1904H031V.
Figure 1. Process Flow Diagram of Rental Filtration System HRT

Stage 3
Stage 1

Stage 4

Stage 2

To demonstrate the performance of the overall HRT system, 3 gallons of leachate and
hydrocarbon was sent to STAR Labs for use in evaluations of the Stage 3 glass microfiber
filtration as well as the LiquiForm hydrocarbon separation in Stage 4 of the HRT. The results
of the evaluation are presented in this report.
The target goals for the separation include:
 99.97% removal of particulates larger than 3 microns and larger
 99.9% removal of free hydrocarbons
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METHODS OF TESTING & ANALYSIS
The leachate received was placed in a refrigerator along with the oil sample received until
being analyzed. Stage 3 and 4 were replicated in the lab using a bench-top filtration system
with a current MPXD microfiber media solids filter followed by the HRT hydrocarbon
separator. One gallon of leachate was prepared with a concentration of 1000 ppm oil using
the oil sample received from Westmoreland. The gallon of material was processed through
the bench-top system. Liquid samples of the effluent were collected for solid concentration,
particle size distribution and total hydrocarbon concentration.
A second sample using a 500 ppm oil/leachate solution was prepared and processed through
the same laboratory benchtop apparatus. A sample of the effluent was obtained for
measurement of total hydrocarbon concentration.
A third leachate sample was processed using a bench-top filtration system featuring a single
stage of particulate filtration using MPXB microfiber media (a higher efficiency grade of the
glass microfiber media). The fluid was processed through the system and an effluent sample
was analyzed for solid concentration and particle size distribution using an optical particle
sizer.
A portion of the unfiltered leachate as received was saved and analyzed for solid
concentration, total hydrocarbon concentration, particle size distribution and elemental
analysis of solid contaminants. Note the particle size distribution of the leachate with 1000
ppm oil and 500 ppm oil was not performed as the dispersed oil could be false identified as a
particulate in the particle sizer.
The total hydrocarbon content present in the leachate was analyzed via a GC-MS analyzer
(Gas Chromatography with Mass Spectroscopy).
The total suspended solids were analyzed via the gravimetric method using both 1.2 micron
Nylon membranes and 3.0 micron cellulose membranes. Photomicrographs of the solid
contaminants collected on the gravimetric membranes were collected under a microscope.
Elemental analysis was also performed on the contaminants from the leachate to determine
their elemental composition. Please see the Appendix section for more method details.
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RESULTS OF TESTING & ANALYSIS
The data collected from the evaluations performed is summarized in Tables 1, 2. The
following sections will go into more details of the analysis.
Table 1. Total Hydrocarbon Concentration: Stage 3 and 4 HRT Evaluation
Sample ID
Unfiltered Leachate Received

C6-C12
(mg/L)

C13-C28
(mg/L)

C29-C35
(mg/L)

Total Hydrocarbon
Content (mg/L)

44.6

111.3

6.6

162.5

1000 ppm Leachate (UF Leachate +
Oil)
1000 ppm HRT Evaluation Effluent

N/A
0.5

0.4

500 ppm Leachate (UF Leachate +
Oil)
500 ppm HRT Evaluation Effluent

1162.5
0.0

0.9

N/A
0.4

0.4

662.5
0.0

0.8

Removal
(%)

99.9%

99.9%

Table 2. Particle Count Comparison:
Leachate Samples: Unfiltered, Stage 3 & 4 HRT Effluent
and Stage 3 w/MPXB media Effluent
Micron
Size

Unfiltered Particle
Count (Part/mL)

MPXD + HRT Effluent
Count (Part/mL)

Percent
Removal
(%)

MPXB ProcessOR
Effluent (Part/mL)

Percent
Removal
(%)

>0.5

15,413,416

N/A

>2.0

537,598.1

1,455.8

99.73%

589.9

99.89%

>3.0

289,102.1

502.0

99.84%

75.3

99.98%

>5.0

157,815.0

38.0

99.97%

12.6

99.99%

>10.0

50,525.9

0

100%

0

100%

>20.0

20,641.2

0

100%

0

100%

>100.0

25.1

0

100%

0

100%
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Stage 3 & 4 HRT Evaluation
A bench-top setup utilizing scaled down versions of Pentair’s ProcessOR Particle Filter and
HRT Separator was assembled to process the received Leachate. Two separate runs were
performed using leachate with 1000 ppm and 500 ppm of oil added and fully mixed.
Starting with the 1000 ppm Leachate, the water was processed through the bench-top setup
and effluent samples was collected and compared to the influent (Figure 2). The effluent is
noticeably transparent with no haze from the presence of free hydrocarbons or large solids.
Figure 2. Leachate with 1000 ppm Oil Samples

Influent

Effluent

HRT Vessel Effluent View

The effluent was sampled and analyzed first for hydrocarbon content. The prepared 1000
ppm leachate has an approximate concentration of 1162.5 ppm as the unfiltered leachate
received contained 162.5 ppm of oil prior to the addition of oil to make a 1000 ppm
concentration. The effluent from the HRT system had a total hydrocarbon concentration of
0.9 ppm. A removal efficiency of 99.9% of dispersed and soluble hydrocarbon was obtained.
Next, the 500 ppm leachate solution was prepared and processed through the HRT system.
Samples of the influent and effluent of the system is presented in Figure 3. Again, the effluent
sample is noticeably haze free compared to the unfiltered prepared mixture.
The effluent was analyzed for total hydrocarbon concentration and compared to the 662.5
ppm present in the prepared sample, the prepared contained 162.5 ppm along with the 500
ppm added into the leachate solution. The effluent the bench-top system was measured to
have a hydrocarbon concentration of 0.8 ppm. A removal efficiency of 99.9% of the total
hydrocarbon content was calculated.
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Figure 3. Leachate with 500 ppm Oil Samples

Influent

Effluent

The hydrocarbon remaining in the HRT effluents was analyzed for specific Hydrocarbon
components via GC-MS. The contaminants within the water include aromatic compounds
such as toluene, benzene derivatives, and ketone compounds. Toluene in some applications
can have a solubility in water up to 526 ppm at 25°C, as such the hydrocarbon contaminants
remaining in the leachate are within the range of solubility.
The solid concentration of the unfiltered leachate was measured using the gravimetric
procedure with 1.2 micron nylon membranes and 3.0 micron cellulose membranes. Using the
3-micron membranes, the unfiltered leachate had a solid concentration of 57.1 mg/L. Using
1.2 micron nylon membranes the solid concentration of unfiltered leachate was 86.4 mg/L.
Photomicrographs of the membranes are presented in Figure 4. Fine contaminants can be
seen on the membrane of the unfiltered leachate. The contaminants display a unique
organization, possibly caused by the fluid moving into the membrane and pushing some of
the larger solids aside to plugged off areas of the membrane.
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Figure 4. Photomicrographs of the Membranes
@ 40X Magnification

A

C

Unfiltered Leachate
3.0 µm Membrane

HRT Effluent
3.0 µm Membrane

D

B

Unfiltered Leachate
1.2 µm Membrane

HRT Effluent
1.2 µm Membrane
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Elemental Analysis
Lastly, the elemental analysis of the solid contaminants removed by the 1.2 micron nylon
membrane on the unfiltered leachate were analyzed under a scanning electronic microscope
(SEM) with energy dispersion X-ray spectroscopy (EDS) to determine elemental composition.
Solid contaminants on the membrane contain a high percentage of carbon and oxygen. Trace
amounts of calcium, iron, chlorine, sodium, silicon, aluminum, phosphorous, magnesium,
potassium and sulfur are also detected. These solids are likely organic material, some
inorganic contaminants and some corrosion products.
Figure 8. SEM-EDS Analysis Results – Leachate Contaminants
A: SEM Image @ 1000X Magnification; B: Elemental Mass Percentage Chart

A
B

Please note that the sample collected during the test provides only a snapshot estimate of that
which existed in the slipstream at the time that the test was conducted. Many processes
experience a tremendous ingress of contamination during upset conditions that can vary in
frequency and severity.
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APPENDIX
Solids Content - Gravimetric Analysis
Gravimetric analysis is used to determine the suspended solids ( > 0.45 µm) concentration of a fluid
stream. Bottle samples were collected from the system and delivered to Pentair’s STAR® Laboratories
for analysis. Bottle sample gravimetric analyses were performed on the system as per the procedures
outlined below.
1) Use laboratory oven to dry a clean 47-mm 0.45 µm
membrane.
Weigh the membrane using an
analytical balance with at least +/- 0.0001 g
accuracy.
2) Place membrane into holder on pressure filtration
vessel.
3) Mix bottle sample vigorously.
4) Quantitatively
transfer
sample
into
an
appropriately sized graduated cylinder and record
volume.
5) Quantitatively transfer sample into pressure
filtration vessel.
6) Using a clean, dry gas, pressurize the vessel until
the entire sample has flowed through the
membrane.
7) Solvent rinse membrane with particle free
Hexanes.
8) Remove membrane from holder and place in
laboratory oven until dry.
9) Re-weigh membrane on balance used in step 1.
10) Determine the amount of contaminants captured
on membrane.

Pressure Filtration Vessel

The gravimetric concentration is calculated from the difference of the initial weight from the final
weight of the membrane and the sample volume.
Gravimetric Conc. (mg/L) = [Final Wt.(mg) – Initial Wt.(mg)]/Sample Volume (L)
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Gas Chromatogram -Mass Spectrometry (GC-MS)
Gas chromatography (GC)–mass spectrometry (MS) is an analytical method that combines the
features of gas-liquid chromatography and mass spectrometry to identify unknown substances within
a test sample. It has been widely heralded as a "gold standard" for forensic substance identification
because it is used to perform a specific test that identifies the actual presence of a particular
substance in a given sample.
The GC-MS instrument is composed of two major building blocks: the gas chromatograph and the
mass spectrometer. The gas chromatograph utilizes a capillary column which depends on the column's
dimensions (length, diameter, film thickness) as well as the phase properties (e.g. 5% phenyl
polysiloxane). The difference in the chemical properties between different molecules in a mixture and
their relative affinity for the stationary phase of the column will promote separation of the molecules
as the sample travels the length of the column at the help of a carrier gas, usually helium, hydrogen or
nitrogen. The molecules are retained by the column and then elute from the column at different
retention times, and this allows the mass spectrometer downstream to capture, ionize, accelerate,
deflect, and detect the ionized molecules separately. The mass spectrometer does this by breaking
each molecule into ionized fragments and detecting these fragments using their mass-to-charge ratio.
The most common type of mass spectrometer associated with a gas chromatograph is the quadrupole
mass spectrometer, referred to by the Agilent "Mass Selective Detector" (MSD). The most common
standard form of ionization is electron ionization (EI). The molecules enter into the MS (the source is a
quadrupole or the ion trap itself in an ion trap MS) where they are bombarded with free electrons
emitted from a filament, causing the molecule to fragments in a characteristic and reproducible way,
therefore a unique fingerprint. The comparison of generated spectra of the test substance with library
spectra using manufacturer-supplied software then tells what the unknown test substances are.
The GC-MS model used in the STAR Labs is 7890B GC -5977A MS, Agilent. It has an auto-sampler with
2 mL sample vials. The mass spec detector has an EI source, monolithic hyperbolic quadrupole mass
filter, mass range 1.6-1050 u. Ion source temperature is 150 -350°C, quadrupole temperature is 106200 C°. GC oven temperature is 5-450 °C. Ultra high purity helium is used as the carrier gas for the
entire system. This GC-MS system is capable of both quantitative and qualitative analysis for volatile
and semi-volatile substances.
A modified method – Texas Natural Resources Conventional Center (TNRCC) total petroleum
hydrocarbons (TPH) 1005 is adopted for the determination of total hydrocarbon concentration in
water, amine and glycol samples. The original TPH 1005 method is for a FID detector. In this method,
the detected hydrocarbon range is C5-C36. In the modified method the detector is MS, the column
selected is HP-5ms (5%-Phenyl)-methylpolysiloxane non-polar with very low bleed characteristics.
Helium gas flow rate is 1.5 mL/min, temperature starts at 30 °C, holds or 2 minutes, then ramps up to
310 °C with a speed at 25 °C/min, then holds at 310 °C for 9.8 minutes. The total run time for each
sample is 23 minutes. Inlet temperature is 310 °C, MS source temperature is 275 °C, MS quadrupole
temperature is 180 °C.
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Sample preparation. Take 15 mL aqueous sample into a 40 mL vial, then add 3 mL GC grade n-pentane
into the 40 mL vial, put the cap on, extract by vigorously vortexing the mixture for at least 2 minutes,
then let it settle until a clear phase separation happens. Then transfer the upper extract into a 2 mL
auto-sampler vial with a PTFE-lined cap, and then place the vial in the auto-sampler for analysis.
Calibration. Using n-pentane, prepare a minimum of five calibration standards from the Petroleum
Product Calibration Standard ranging in concentration from 20 to 1000 mg/L. Inject each standard into
the gas chromatograph using the same conditions, e.g., injection volume and technique, to be used
during sample analysis. Integrate the peak areas for the nC6 to nC12 range, >nC12 to nC28 range and
>nC28 to nC35 range, then tabulate peak area responses against the concentration injected to make a
peak area Vs concentration curve. Use this calibration curve to calculate the unknown concentration
of a test sample.
The TPH concentration calculation formula is:
Cs = (Cc x Vt x D)/Vs
Where Cs = Concentration of TPH in sample in mg/L.
Cc = Concentration of TPH in extract in mg/L.
Vt = Volume of final extract in L.
D = Dilution/concentration factor.
Vs = Volume of sample extracted in L.
For qualitative analysis only, such as net petroleum make-up analysis, unknown substance
identification, just prepare the sample in , no calibration curve is needed.
The operation procedure of this GC-MS is as follows using the acquisition software:
1. Bake the column prior to each run
2. Tune the MS detector to check and optimize its performance
3. Make a sequence table for all the test samples and check standards. Choose the correct method
for each sample
4. Start the run to acquire data
5. Analyze the data using the data analysis software for unknown substance identification and
concentration calculation
6. Replace septum, liner, and gold plate regularly as routine maintenance
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Elemental Analysis/Identification – Scanning Electron Microscope (SEM) with Energy
Dispersive X- Ray Spectroscopy (EDS)
A Hitachi Tabletop Microscope TM3000 with a Bruker Quanta 70 X-ray acquisition and detection
system was used for this elemental composition analysis. In this system, the SEM has a magnification
up to 30,000X and an acceleration voltage from 5 to 15 kV with variable current adjustment. No
coating is required for non- conductive samples due to the charge reduction feature of TM3000.
A typical process of an EDS analysis is that first, a high-energy beam of X-rays is focused into the
sample being studied to stimulate the emission of characteristic X-rays from this sample. Then a
detector converts the X-ray energy into voltage signals, followed by a pulse signal processor to
measure the voltage signals and pass them onto an analyzer for data display and analysis. The Hitachi
TM3000 with a Bruker Quanta 70 X-ray includes a Bruker silicon drift detector (SDD) with elemental
detection range from Boron to Americium. The energy resolution is 154 ev (for Copper Kα). It has
three analysis moods: element mapping, line profile and spot mode. The operation procedure of this
SEM-EDS instrument is as follows:
1.
2.
3.
4.
5.
6.
7.

Start up the Microscope
Prepare a specimen
Place a specimen on the specimen stage
Find the right image and spot for EDS analysis
Acquire image on the EDS software
Select the analysis mode
Conduct EDS analysis
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Particle Size Distribution Analysis
A portion of the well-mixed bottle sample was utilized for particle count analysis. The particle count
data was collected using the method of single-particle-light-obscuration using a dual sensor technique
of light extinction and light scattering. This Optical Particle Counting (OPC) method counts individual
particles. The test fluid is automatically diluted and then passed through the “photozone”. The
particles pass, one at a time, through the illuminated region avoiding coincidences (a situation where
one particle obscures another particle thus resulting in lowered number counts, or erroneous
measurement of a larger particle, or both). As the particle moves through the sensing zone, it causes
a pulse, the magnitude of which depends on the mean diameter of the particle. The measurement
technique allows for collection of a broad range of particle sizes for evaluation (0.5 – 500 micron).
The particle count information is then converted into a volumetric basis, assuming the particles are
spherical in nature. This volumetric basis of the contaminant is reported as a fraction of the sample
analyzed. The protocol utilized is referenced below:
1. Auto-rinse the particle counter sensor with a suitable solvent (such as hexane for
hydrocarbons or deionized water for aqueous solutions).
2. Mix the bottle sample adequately to ensure a uniform, representative sample draw.
3. Use a disposable micro-pipette to draw the sample.
4. Inject the sample into the dilution flask containing the solvent.
5. Start collecting particle count data.
6. Particle number counts are converted to volume, assuming a spherical particle shape.
7. Auto-rinse the particle counter sensor with a suitable solvent (such as hexane for
hydrocarbons or deionized water for aqueous solutions).
8. Mix the bottle sample adequately to ensure a uniform, representative sample draw.
9. Use a disposable micro-pipette to draw the sample.
10. Inject the sample into the dilution flask containing the solvent.
11. Start collecting particle count data.
12. Particle number counts are converted to volume, assuming a spherical particle shape.
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ABOUT STAR LABS
Advancing the Science of Separation
Pentair’s STAR Labs, which stands for Scientific Testing Analysis and Research, are staffed with Ph.D
scientists and engineers who are constantly innovating, creating unmatched value for our clients.
From research and development to client sampling, we work to achieve real world advances, like APEX®,
a patented technology specifically intended to keep annular velocities constant across the entire height
of the element.
Our client's critical processes and optimization are at the forefront of what we do. With that focus for
more than 20 years, we have been able to lower their capital costs.
Our aggressive research and development efforts are supported by our lab, which is equipped with the
most advanced scientific instruments for the development, testing and certification of filtration products
and filter media.
We use state of the art equipment to develop and refine filter media, membranes and optimize the
characteristics of a particular medium, device or system for individual applications. From concept to
production, STAR™ Labs is an integral part of our business. It creates the mold of partnerships with our
clients by being able test, analyze and research their critical products and processes.
If you are interested in speaking to someone about our lab capabilities, Contact us today through
www.pentairseparations.com or call +1.936.788.1000.
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ATTACHMENT 2
PENTAIR BENCH SCALE STUDY
IMPROVED FILTERS DATASHEET

Pentair Improved Filters to be utilized in Stage
3 of the HRT pre-treatment system at the WSL
facility. These filters are referred to as MPXB
in the Pentair Bench Scale Study Report.

COMPAX Coreless Element Specifications

Solutions that make dollars and sense.
Compared to conventional cartridge filters, COMPAX saves money by low ering
operating costs and reducing disposal costs. When comparing filters w ith the
same efficiencies or Beta ratings, nothing outperforms the cost/performance
value achieved w ith COMPAX. In fact, w e are so sure you w ill save money using
COMPAX coreless filters, w e guarantee it!
If you are currently using a conventional filter – pleated, depth, molded or string w ound,
nominal or Beta rated – you can have COMPAX performance w ithout purchasing
new filters or modifying existing housings. Whether it is for water, amines, chemicals,
hydrocarbons, oils, coolants, inks, paints, or other fluids, for pre-filtration or final filtration,
there is a COMPAX system that is right for the application.
Performance. Disposability. Cost effectiveness. Whether it is a new filtration
application, or upgrading and optimizing a conventional cartridge filter application,
COMPAX is the right choice.

Unlike conventional
string wound, sock,

molded, spray spun, depth or
pleated filter cartridges which
have rigid cores, the COMPAX
coreless filter system was
engineered to combine
Pentair’s high performance
media technology with its
proven coreless filter design to
deliver maximum disposability,

high surface area and reliable
performance while addressing
today’s environment needs.

The major innovation in COMPAX is its elegant simplicity. It consists of tw o parts:
the COMPAX coreless filter and the reusable core. The reusable COMPAX core is
semi-permanently installed into the existing filter vessel w ithout the need for special
tools. After installation of the cores, the open end of the COMPAX cartridge slides
dow n over the length of the core and engages a positive sealing O-ring to integrally
seal the filter and core together. The reusable cores have standard collapse ratings
of 75 or 150 psi, depending on the series and material of construction. Higher
collapse ratings are available upon request.
COMPAX coreless filters are available w ith a broad range of media types and
micron ratings to match requirements of the application.
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COMPAX Coreless Element Specifications
Many conventional cartridge
filters are nominally rated.
Nominal ratings are arbitrarily
set by the manufacturer and
are therefore, not consistent
from one manufacturer to the
next. Nominal ratings are
widely being replaced with
stated efficiency ratings,
commonly expressed at a
given particle size. Each
PENTAIR grade of filter media
is Beta rated to values up to
5,000 corresponding to
99.98% efficiency.

FMC1904H031V-MB

Above picture may not
be the actual cartridge
or components.

Element Type

COMPAX Coreless fluid process element

Separation Media

Proprietary MICROFORM media formulation comprised of borosilicate
micro- and nanofibers cross-linked into a Locked Pore Structure
specifically designed to separate particulate from high flow liquid
(aqueous or hydrocarbon) streams.

Media Efficiency

1 = 5000 (99.98% efficiency at 1 micron)

End Caps

Nylon

Seals

*Buna

Components

Proprietary high temperature adhesives & polyester support layers

Configuration

Single Open End

Dimensions

Nominal Length: 40” (101.6cm)
Nominal OD: 5.0” (12.7cm)

Ratings

Recommended change out 25-30 PSID (1.72-2.07 Bars) based on
process limits. *Maximum Operating Temperature is 250°F. (121.1°C).

MicroForm Media
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RADIOLOGICAL EMISSIONS MONITORING AND
TESTING PLAN

Westmoreland Sanitary landfill – Leachate Evaporator
Radiological Emissions Monitoring and Testing Plan
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INTRODUCTION
This Radiological Emissions Monitoring and Testing Plan has been prepared to set forth
procedures for monitoring and testing of potential radiological emissions from the leachate
evaporator proposed for the Westmoreland Sanitary Landfill (WSL) facility located in
Westmoreland County, Pennsylvania. This Plan provides a summary of the proposed
evaporator system, selection and description of emissions monitoring and testing devices, and
an overview of reporting. Additionally, an Overall Site Plan is included to depict key site
features as well as the location of the evaporator and the proposed monitoring and testing
devices.
LEACHATE EVAPORATOR AND HRT PRE-TREATMENT SYSTEM
The proposed leachate management system at the WSL facility includes the installation of a
Hydrocarbon Recovery Technology (HRT) pre-treatment system and a leachate evaporator as
the primary method of leachate disposal. The HRT system is a four-stage filtration process
that provides varying degrees of filtration / separation at each stage. The first two stages
remove larger particles, the third stage removes finer particles and the fourth stage separates
and removes hydrocarbons. The HRT system will be installed upstream of the leachate
evaporator such that all leachate will be filtered through the system prior to entering the
leachate evaporator.
The proposed evaporator unit is a 45,000-gallon per day concentrator system to be provided
by Heartland Water Technology (Heartland). The proposed evaporator will be installed near
the existing LFG flare just northeast of the existing landfill gas plant building along with a new
leachate process tank and the HRT pre-treatment system as shown on the Overall Site Plan.
The proposed system is capable of processing 45,000 gallons of leachate per day which will
eliminate the need to truck leachate offsite on a regular basis.
The Heartland Concentrator utilizes thermal energy primarily from natural gas and places hot
gas in contact with incoming leachate within a compact turbulent evaporation zone. After
rapid evaporation occurs, the combined gas / liquid is saturated with moisture to stop the
evaporation phase. The cooled gas / liquid mixture passes through an entrainment separator
where liquids flow to a sump area and the gas is passed through a three-stage, high-efficiency
mist elimination system. The liquids are continuously collected in a dual-contained storage
box adjacent to the evaporator where they are then solidified and disposed of at the WSL
facility in accordance with the facility’s permits and PADEP regulations. The cooled vapor is
discharged through the process exhaust stack. This Plan addresses the monitoring and testing
of the emissions from the process exhaust stack for the potential of radiological content.
RADIOLOGICAL EMISSIONS MONITORING AND TESTING
WSL worked directly with several vendors and a Certified Health Physicist to develop a
comprehensive radiological monitoring and testing program. The radiological monitoring
portion of the Plan will include both perimeter monitoring and area monitoring. Radiological
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emissions testing will include the collection of particulate matter directly from the evaporator
exhaust stack for submission to a certified laboratory for analysis.
Radiation Monitoring
Perma-Fix Environmental Services (Perma-Fix) will implement a robust radiation
monitoring program including both perimeter and area monitoring. Perma-Fix, one of
the largest turnkey radiological support services contractors in the nation, has
developed the monitoring program using one of its state and federally recognized
subject matter experts Alex Lopez, a Certified Health Physicist. The monitoring
program has been designed to account for both internal and external potential exposures
to radiation from the WSL evaporator and consists of the following.
 Perimeter Monitoring (internal exposure alpha and beta/gamma on and off site)
– Perimeter monitoring will include three (3) outdoor air monitors. Each air
monitor will run 24 hours a day, 7 days a week. Each air monitor will pull air
through a filter, designed to collect particulates. The filters will be changed out
on a weekly basis and analyzed offsite by Perma-fix for total alpha and betagamma (associated with the decay of radium-226 and radium-228). Each week,
the results of the filter analysis will be compared against the Nuclear Regulatory
Commission’s (NRC) air discharge limits for radium-226 and radium-228.
The locations of the air monitoring devices were selected based upon a detailed
review of the existing and proposed structures and topography, facility and
property boundaries and prominent wind directions. Wind rose plots were
obtained from the Natural Resources Conservation Services (NRCS) National
Water and Climate Center representative of the closest geographic location
(Pittsburgh Airport) to the WSL facility. The wind rose plots were developed
from a 30-year data set (1961 to 1990) to present historical prominent wind
directions on a monthly basis. Based upon the information presented in the wind
rose plots included with this Plan as Exhibit 1, the prominent wind direction at
the WSL facility is blowing from the west to southwest towards east to
northeast. Therefore, upwind will be considered west to southwest of the
evaporator and downwind will be considered east to northeast of the evaporator.
The locations of the three air monitors are shown on the Overall Site Plan and
have been selected as follows.
o Location 1 – Upwind of the evaporator to provide ambient background
information.
o Location 2 – Downwind of the evaporator at the site boundary provide
a representation of the potential for offsite emissions information.
o Location 3 – Downwind of the evaporator in the immediate vicinity of
the system.
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 Area Monitoring (external beta/gamma exposure on and off site) – Area
monitoring will include five (5) thermoluminescent dosimeter (TLD) radiation
measurement devices. TLDs are a passive radiation dosimeter that is used to
measure the external exposure to ionizing radiation. TLDs are commonly used
to measure external radiation doses to individuals or at fixed locations across a
facility. The TLDs will be onsite at the five (5) locations measuring 100% of
the time and will be changed out with a new dosimeter while the old dosimeter
is presented to a laboratory for analysis on a calendar quarter basis. Each quarter
the results will be compared against the Pennsylvania gamma exposure limits to
members of the public. Perma-fix will provide quarterly reports summarizing
the findings.
An example photo of a TLD is included in Exhibit 2 of this Plan. The locations
of the TLDs were selected to be consistent with the perimeter air monitors for
three of the locations. The remaining two locations were selected to be placed
outside areas where workers are most likely to be present. The locations of the
five TLDs are shown on the Overall Site Plan and have been selected as follows.
o Locations 1 through 3 – Consistent with air monitor locations.
o Location 4 – Outside of the landfill office to monitor potential worker
exposure.
o Location 5 – Outside of the maintenance garage to monitor potential
worker exposure and provide a downwind TLD.
Perma-fix also evaluated the potential of implementing continuous air monitoring for
radioactivity of the evaporator at the generation point (i.e., within the stack). However,
continuous monitoring is both challenging and cost prohibitive. The challenges include
those associated with the physical setting (high temperature and high humidity) and
detection of the radiation itself. Real-time radiation continuous air monitors (CAMs)
exist; however, they are typically used at licensed nuclear facilities such as nuclear
power plants or radiochemistry research labs. At a nuclear power plant, the CAM is
able to easily measure the radioactive noble gases that would be emitted during an
accident scenario such as a compromised reactor containment structure. In this
scenario, the CAM is provided the benefit of easy-to-detect radionuclides in high
concentrations, which is not the case at WSL. A real-time CAM would not have the
required sensitivity to detect radium as low as the NRC effluent values would
necessitate. For accurate measurements of air discharge during normal operating
conditions, nuclear power plants rely on air monitoring stations identical to those we
are proposing for the WSL facility.
Therefore, the proposed monitoring program consisting of perimeter air monitors and
TLD area monitors will provide sufficient radiological data to determine potential
internal and external radiation exposures from the leachate evaporator. In addition, air
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monitoring results will be plotted weekly to allow for easy visual data trends. The
results of the weekly air monitoring and TLD reports will be summarized and provided
to the PADEP in a Quarterly Report, described under the Summary and Reporting
section of this Plan.
Radiological Emissions Testing
In addition to the onsite monitoring, a third-party consultant will perform stack testing
of the leachate evaporator exhaust on a quarterly basis. Particulate matter will be
collected directly from the evaporator exhaust stack utilizing EPA approved methods.
The collected particulates will be submitted to a certified laboratory for radiological
analysis including gross alpha, gross beta, radium-226, and radium-228. A copy of a
proposal from a third-party consultant (Lemos Labs, LLC) to perform this work is
included in Exhibit 3 of this Plan for reference purposes.
SUMMARY AND REPORTING
This Radiological Emissions Monitoring and Testing Plan outlines the proposed onsite
monitoring of radioactivity and the testing of potential radiological emissions resulting from
the operation of the proposed leachate evaporator. The onsite monitoring will include air
monitoring devices with weekly analysis of the filters and TLD area monitors with quarterly
laboratory analysis. Additionally, particulate matter will be collected directly from the
evaporator exhaust stack and analyzed in a laboratory for radiological content. The results of
the onsite monitoring and stack testing will be submitted to the PADEP in a Quarterly Report.
The results of the weekly analysis of the filters and the stack testing will be compared
against the Nuclear Regulatory Commission’s (NRC) air discharge limits for radium-226
and radium-228. At any given time, should results from any of the analyses indicated
exceedance of the NRC air discharge limits or pose a concern for radiation exposure, the
facility will shutdown operation of the evaporator and immediately notify the PADEP.
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EXHIBIT 1
WIND ROSE PLOTS
The wind rose plots included here were obtained from the Natural Resources Conservation
Services (NRCS) National Water and Climate Center representative of the closest
geographic location (Pittsburgh Airport) to the WSL facility. The wind rose plots were
developed from a 30-year data set (1961 to 1990) to present historical prominent wind
directions on a monthly basis. Based on the information presented in the wind rose plots,
the prominent wind direction at the WSL facility is blowing from the west to southwest
towards east to northeast.
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EXHIBIT 2
RADIOLOGIAL MONITORING DEVICES
SAMPLE PHOTOGRAPHS

Radiological Emissions Monitoring and Testing Plan

Photographs

Photograph 1 – Sample TLD Badge

Photograph 2 – Sample Low Volume Electric Air Sampler

WESTMORELAND SANITARY LANDFILL
RADIOLOGICAL EMISSIONS MONITORING AND
TESTING PLAN
EXHIBIT 3
RADIOLOGICAL TESTING PROPOSAL
The attached proposal was provided by Lemos Labs, LLC to perform stack testing at the
WSL facility. The quarterly stack testing includes the collection of particulate matter from
the leachate evaporator stack and submittal to a certified laboratory for radiological testing.
The proposal is included for references purposes. WSL may select an alternative consultant
to perform the stack testing as outlined in the Radiological Emissions Monitoring and
Testing Plan.

