October 1, 2021
Ms. Melissa L. Jativa
Pennsylvania Department of Environmental Protection
Environmental Engineering Specialist
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 2021-040
Civil Design Solutions, Inc. (Design Solutions) is pleased to submit this response to the PADEP
May 7, 2021 follow up 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. Also, an
Additional Information Response letter was submitted on February 4, 2021.
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.” Attachment 1 of the Response included “less than unity” calculations
prepared by Perma-Fix Environmental Services. The provided calculations do not
appear to be correct; specifically, the conversion factor of 86,400 minutes per day does
not appear to be correct. Please provide a clarification for this conversion factor and
revised “less than unity” calculations. The response should also include the bases
(including data, manufacturer guarantees, etc.) for all assumptions, including any
assumptions regarding control efficiency for radionuclides.
Response: Perma-Fix Environmental Services (Perma-Fix) prepared a revised calculation
package (Attachment 1) which provides additional information as well as conservative
estimates of potential radiological emissions. The revised calculations provide further
information for the basis of assumptions utilized in the calculations.

2.

Page 2 of the Response states: “Potential radionuclide emissions consisting of Radium
will be in the form of particulate matter as radium-226 and radium-228. Radium exists
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in a solid state and if emitted through the evaporator would be in the form of a
particulate or particle.” Provide a reference or references that support this statement.
Response [provided by Perma-Fix]: Radium is in the solid phase at temperatures up to its
melting point of 696° Celsius (C) (1,285° Fahrenheit[F]) [Reference 1]. The boiling point
for radium is 1,500° C (2,732° F) [Reference 1]. Hot gas between the temperatures of 316
to 538° C (600 to 1000° F) is used to evaporate the leachate in the evaporation zone. The
vapor flow exits the evaporator stack between the temperatures of 60 to 82° C (140 to 180°
F). Therefore, radium will remain in the solid phase during the evaporation process.
3.

Page 3 of the Response states: “Evaporator Mist Elimination – the proposed
evaporator includes a three-stage high efficiency 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 radium228 within particles 2-micron 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.” Provide a demonstration and supporting
information that the mist eliminator removes 99% of TDS and that radium-226 and
radium-228 would be removed during the evaporation process at a 99% efficiency.
Response [provided by Perma-Fix]: Radium is only moderately soluble in water and only
under certain geochemical conditions [Reference 2]; radium-226 and radium-228 are equally
soluble. The radium present in the leachate water is considered a total dissolved solid
(defined as a particle size of 2 microns and smaller). The radium concentrations in the WSL
leachate have been assayed and the maximum reported Ra-226 and Ra-228 results were used
in the throughput calculations (Attachment 1) where average radium concentrations through
the evaporator are expected to be less than the maximum concentrations used in the
calculations.
Additional Response: The evaporator manufacturer (Heartland Water Technology) provided
results of stack testing performed on the same evaporator to be installed at WSL which
demonstrate the removal of 99% of TDS. A letter from Heartland Water Technology which
describes the stack test results and highlights the 99% removal efficiency is included with
the stack test results in Attachment 2.

4.

Page 2 and Page 4 of Attachment 3 of the Response regarding perimeter monitoring
states: “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.” Specify the NRC air discharge limits and cite the regulation where they
can be found. Specify the method of calculation for showing compliance with the limits
(ex. NRC unity rule). Provide a sample calculation. Will the method of calculation and
associated assumptions showing compliance with the NRC air discharge limits differ
from the method of calculation and associated assumptions for the NRC unity rule
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calculations at the evaporator stack? Clarify the proposed temporal coverage of the
perimeter monitoring. Will the perimeter monitors operate on a continuous basis? If
the perimeter monitors are not proposed to operate continuously, describe in detail the
length and frequency of the periods when perimeter monitoring will not be operating
and provide the bases for not operating.
Response [provided by Perma-Fix]: The published NRC effluent limits are located in
10CFR20 Subpart O, Appendix B [References 4 and 5]. The effluent discharge limits for
each radionuclide are published in units of µCi/mL which can be converted into pCi/L.
The published Ra-226 effluent limit is 9E-13 µCi/ml, converted to pCi/L: 9E-13µCi/mL x
(1.0E+06pCi/uCi) x (1000mL/L) = 9E-4 pCi/L. Similarly, the Ra-228 effluent limit is 2E12 µCi/ml, converted to pCi/L: 2E-12µCi/mL x (1.0E+06pCi/uCi) x (1000mL/L) = 2E-3
pCi/L.
The unity rule, also known as the sum of fractions rule, is widely used throughout the world
of science when more than one contaminant may be present. For radionuclide-specific
applications, the unity rule is explained in the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) in Section 4.3.3 [Reference 6] and in NUREG-2155
[Reference 7]. In the case of the WSL Evaporator, two radionuclides of concern have been
identified (Ra-226 and Ra-228). Each individual radionuclide needs to be accounted for so
the combined radionuclide mixture yields a fractional concentration limit that is less than or
equal to one. The following equation will be utilized to demonstrate compliance using the
unity rule.
(Measured Ra-226) / (9 x 10-4 pCi/L) + (Measured Ra-228) / (2 x 10-3 pCi/L) ≤ 1
The Radiological Emissions Monitoring and Testing Plan which provides a complete
description of the monitoring system to be installed at WSL is presented as Attachment 3.
As identified in this Plan, perimeter monitoring (and area monitoring) will be performed 24
hours per day, 7 days per 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. The results of the filter analysis will be compared against the NRC air
discharge limits for radium-226 and radium-228 using the unity rule in pCi/L as described
above. The continuous perimeter monitoring results (along with area monitoring and stack
testing) will be provided to the PADEP in a quarterly report by the end of the following
month for each quarter. It is important to note, should any confirmed / verified results from
any of the monitoring exceed the NRC air discharge limits, the facility will immediately
notify the PADEP.
5.

Page 2 of Attachment 3 of the Response regarding perimeter monitoring states: “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.” Please explain in detail how the monitoring locations
were selected. Provide the procedures, documentation, and references used in the
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“detailed review of the existing and proposed structures and topography, facility and
property boundaries and prominent wind directions”.
Response: See response under Comment 11 below.
6.

Page 3 of Attachment 3 of the Response regarding area monitoring states: “Each
quarter the results will be compared against the Pennsylvania gamma exposure limits
to members of the public”. Specify the Pennsylvania gamma exposure limits and cite
the regulation where the limits can be found.
Response [provided by Perma-Fix]: Pennsylvania is an NRC agreement state, which
authorizes the state to self-regulate certain uses of radioactive materials within the state.
With respect to dose limits for individual members of the public, Pennsylvania has
incorporated by reference 10CFR Part 20 Subpart D Radiation Dose Limits for Individual
Members of the Public [Reference 8].
The air monitoring results collected at WSL will be converted into dose units and compared
against the published limit for total effective dose equivalent limit of 0.1 rem in a year,
exclusive of the dose contributions from background radiation. The area monitoring results
(along with perimeter monitoring and stack testing) will be provided to the PADEP in a
quarterly report by the end of the following month for each quarter. As mentioned above,
should any confirmed / verified results from any of the monitoring exceed the NRC air
discharge limits, the facility will immediately notify the PADEP.

7.

Page 2 and Wind Rose Plots of Attachment 3 of the Response – Demonstrate that the
wind rose plots “developed from a 30-year data set (1961 to 1990)” are representative
and applicable to developing a radiation monitoring plan at the landfill. Explain
justification for, among other things, proximity to the landfill, topography, and the
dates of the data set.

8.

Attachment 3 of the Response – Perimeter Monitoring and Area Monitoring - Provide
the basis for determining the height of the monitoring equipment and the distance of
the equipment from the evaporator.

9.

Attachment 3 of the Response - Perimeter Monitoring and Area Monitoring – Describe
the potential effects of the elevated landfill cell(s) topography on monitoring the
radionuclide emissions from the evaporator in relation to each chosen monitoring
location.

10.

Attachment 3 of the Response - Perimeter Monitoring and Area Monitoring and Wind
Rose Plots – The wind rose plots indicate that the prevailing winds are W in February
and March, W/NW in April, and W/SW in October, November, and December. The
downwind locations of the proposed monitoring were chosen for prevailing SW winds.
Demonstrate that the proposed plan provides adequate monitoring during the months
when the prevailing wind is W, W/NW, and W/SW.
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11.

Attachment 3 of the Response – Provide a site drawing/aerial photo that depicts and
identifies the monitoring locations, fence line, permit boundary, and the proximity of
occupied buildings/residential structures near the landfill.
Response to Comments 5 and 7 through 11: Through telephone discussions with the
PADEP, it was recommended that air dispersion modeling be performed for the proposed
evaporator to select locations of monitoring locations. WSL contracted Civil and
Environmental Consultants, Inc. (CEC) to perform air dispersion modeling considering both
existing conditions as well as the future final configuration of the landfill. A phone call was
held with the PADEP on June 8, 2021 to discuss the dispersion modeling and the protocol
was submitted on June 25, 2021. Following comments from the PADEP, a revised protocol
was submitted on August 11, 2021 which was subsequently approved on August 23, 2021.
The dispersion modeling was performed in accordance with the approved protocol. The
dispersion model analyzed the existing and future final configuration of the landfill using
local meteorological data (Pittsburgh International Airport). The output is presented as
concentration contours of potential radiological emissions. Areas which contained the
highest estimated concentration of radiological emissions were selected to place perimeter
monitoring and area monitoring devices. The Radiological Emissions Monitoring and
Testing Plan (previously submitted to the PADEP on February 4, 2021) was reviewed to see
if any adjustments should be made to the monitoring locations.
Based upon the radium concentration contour plots representing the current and future
landfill configurations, minor changes were made to the location of two air collection / area
monitoring locations. Also, one additional perimeter / area monitoring location was added
to provide coverage in an area shown on the concentration contour plots in the upper end of
the results range. It should be noted that based on the concentration contour plots, this
additional monitoring area was only shown to be needed in the future landfill area but not
under the current landfill configuration. However, for conservancy, the perimeter / area
monitoring devices will be installed concurrently with the startup of the evaporator.
The proposed perimeter and area monitoring locations will provide consistent full-time
coverage around the landfill in the estimated highest emissions areas based upon the results
of the air dispersion modeling. It is important to note, the highest observed concentration of
Ra-226 and Ra-228 from the dispersion modeling resulted in a unity rule calculation of 8.66
x 10-5 which means the combined concentrations of Ra-226 and Ra-228 would have to be
over 11,000 times greater to exceed the unity rule.
A revised Radiological Emissions Monitoring and Testing Plan is included in Attachment 3.
A complete copy of the Air Dispersion Modeling Report prepared by CEC is included as
Attachment 4. Additionally, electronic modeling files which accompany the Air Dispersion
Modeling Report will be submitted electronically along with this Response.
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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 Westmoreland Sanitary
Landfill, at (610) 698-9291 or our office at (412) 299-2700.
Sincerely,
Civil Design Solutions, Inc.

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

Mr. Rich Walton, Westmoreland Sanitary Landfill – 1 Copy (electronic)
Mr. Brian Stewart, Westmoreland Sanitary Landfill – 1 Copy (electronic)
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REFERENCES
Provided by Perma-Fix Environmental Services

References (listed only):
1.
2.
3.
4.
5.
6.
7.

https://www.rsc.org/periodic-table/element/88/radium
https://pubs.usgs.gov/fs/1998/0062/report.pdf
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/radium-226.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/radium-228.html
Multi-Agency Radiation Site and Survey Manual, US EPA 2000
Implementation Guidance for 10 CFR Part 37, NUREG 2155 Revision 2, 2019
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1301.html

AIR PLAN APPROVAL
RESPONSE TO MAY 7, 2021 PADEP LETTER

ATTACHMENT 1
REVISED CALCULATIONS PREPARED BY PERMA-FIX
ENVIRONMENTAL SERVICES

29 April 2021

Alexander Sulkowski
Director
Noble Environmental Inc.
m. 412.979.5493
asulkowski@nobleenviro.com
RE: Westmoreland Sanitary Landfill, Radium Throughput, Rev. 4
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 specifications. This letter has been
revised to show the corrected minutes per day and includes a total dissolved solids (TDS)
reduction of 99% (consistent with the evaporator manufacturer’s specifications). This calculation
assumes the 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. This assumes no radium
removal from the upstream HRT system prior to fluids entering the evaporator.
Assumptions:
 45,000 gal/day processed through system (maximum system capacity)
 The entire 45,000 gal/day is emitted through evaporation (conservative assumption)
 99% of radium is removed by the evaporator mist elimination system through TDS
reduction which goes into the sludge. The remaining 1% gets evaporated with the
45,000 gal/day (based on 99% TDS reduction manufacturer specification). It is important
to note, the HRT system upstream of the evaporator provides a manufacturer’s
guarantee (demonstrated through laboratory bench scale testing) to provide greater than
99% TSS reduction which may contribute to upstream reduction in radium that would
otherwise enter the evaporator.
 30,400 scfm vapor flow rate from stack (including 22% moisture content)
𝑝𝐶𝑖
8.74𝑝𝐶𝑖
3.78𝐿 45,000𝑔𝑎𝑙
𝑜𝑓 𝑅𝑎226 =
𝑅𝑎226 ×
×
= 𝟏. 𝟒𝟖𝟕𝑬𝟔 𝒑𝑪𝒊/𝒅𝒂𝒚
𝑑𝑎𝑦
𝐿
𝑔𝑎𝑙
𝑑𝑎𝑦
𝑝𝐶𝑖
1.487𝐸 𝑝𝐶𝑖
𝑚𝑖𝑛
𝑑𝑎𝑦
1𝑐𝑓
𝑜𝑓 𝑅𝑎226 𝑎𝑓𝑡𝑒𝑟 𝑒𝑣𝑎𝑝. =
× 0.01 ×
×
×
= 𝟏. 𝟐𝟎𝑬 𝟓 𝒑𝑪𝒊/𝑳
𝐿
𝑑𝑎𝑦
30,400𝑐𝑓
1,440𝑚𝑖𝑛 28.31𝐿
Technical Services Center
315 9 Street, 2nd Floor  New Brighton, PA 15066
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𝑝𝐶𝑖
4.09𝑝𝐶𝑖
3.78𝐿 45,000𝑔𝑎𝑙
𝑜𝑓 𝑅𝑎228 =
𝑅𝑎228 ×
×
= 𝟔. 𝟗𝟓𝟕𝑬𝟓 𝒑𝑪𝒊/𝒅𝒂𝒚
𝑑𝑎𝑦
𝐿
𝑔𝑎𝑙
𝑑𝑎𝑦
𝑝𝐶𝑖
6.957𝐸 𝑝𝐶𝑖
𝑚𝑖𝑛
𝑑𝑎𝑦
1𝑐𝑓
𝑜𝑓 𝑅𝑎228 𝑎𝑓𝑡𝑒𝑟 𝑒𝑣𝑎𝑝. =
× 0.01 ×
×
×
= 𝟓. 𝟔𝟏𝑬 𝟔 𝒑𝑪𝒊/𝑳
𝐿
𝑑𝑎𝑦
30,400𝑐𝑓
1,440𝑚𝑖𝑛 28.31𝐿
𝑝𝐶𝑖
1.487𝐸 𝑝𝐶𝑖
𝑑𝑎𝑦
𝑔𝑎𝑙
𝑜𝑓 𝑅𝑎226 𝑖𝑛 𝑠𝑙𝑢𝑑𝑔𝑒 =
× 0.99 ×
×
= 𝟖𝟔. 𝟓𝒑𝑪𝒊/𝑳
𝐿
𝑑𝑎𝑦
4,500𝑔𝑎𝑙
3.78𝐿
𝑝𝐶𝑖
6.957𝐸 𝑝𝐶𝑖
𝑑𝑎𝑦
𝑔𝑎𝑙
𝑜𝑓 𝑅𝑎228 𝑖𝑛 𝑠𝑙𝑢𝑑𝑔𝑒 =
× 0.99 ×
×
= 𝟒𝟎. 𝟓𝒑𝑪𝒊/𝑳
𝐿
𝑑𝑎𝑦
4,500𝑔𝑎𝑙
3.78𝐿

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 1.20E-5 pCi/L and 5.61E-6 pCi/L,
respectively, 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:
1.2𝐸
9𝐸

𝑝𝐶𝑖
𝑝𝐶𝑖
5.6𝐸
𝐿 +
𝐿 = 𝟎. 𝟎𝟏𝟔
𝑝𝐶𝑖
𝑝𝐶𝑖
2𝐸
𝐿
𝐿

Using the same assumptions in the calculations shown on page 1 the incoming Ra-226 and Ra228 concentrations were evaluated to determine what the incoming concentrations in the water
would need to be to exceed the NRC air discharge limits. When evaluated individually, the
incoming Ra-226 concentration would need to be more than 393 pCi/L, and the Ra-228
concentration would need to be more than 1,460 pCi/L. Assuming the incoming water contains
both radium isotopes in the same ratio as the maximum concentrations ratio (8.74:4.09 pCi/L
Ra-226:Ra-228), the incoming concentrations would need to be more than 542 pCi/L Ra-226
and 253 pCi/L Ra-228 to exceed the unity rule calculation.
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

Technical Services Center
315 9 Street, 2nd Floor  New Brighton, PA 15066
th
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ATTACHMENT 2
EVAPORATOR TDS REMOVAL EFFICIENCY
LETTER AND STACK TEST
Provided by Heartland Water Technology
Note only the results and Executive Summary portion of the stack test are
included here.

Craig T. Clerkin, Chief Operating Officer
608-516-7012 · cclerkin@heartlandtech.com
www.heartlandtech.com

Sept 16, 2021

Richard Walton
President
Noble Environmental, Inc.
Re. Particulate Matter Emissions

Dear Mr. Walton:
The following is information on Particulate Matter emissions from Heartland’s leachate
concentrator planned for installation at the Westmoreland Sanitary Landfill.
The Heartland Concentrator is designed to minimize particulate emissions. It features high
efficiency 3 stage mist elimination, which retains nearly all of the solids that are introduced with
leachate. The concentrator to be installed at Westmoreland Sanitary Landfill is designed to
remove 99% of Total Dissolved Solids (TDS) as filterable PM. Key features of this design are:
•
•
•
•

The liquids for evaporation and hot gases are thoroughly and uniformly mixed in the
evaporation zone. The intense liquid/vapor mixing process minimizes small droplet
formation and therefore particle drying.
The low pressure drop across the evaporation zone promotes macro droplet formation,
which are readily scrubbed by the mist eliminator.
The low temperature difference between the hot gas, uniform heating, and the macro drop
formation means that droplet drying is virtually eliminated, thus maintaining TDS in the
macro droplets.
The macro droplets are collected in a sump within the concentrator, solidified and
transferred to the landfill.

Attached is a stack test report that demonstrates the solids retention capability (greater than 99%)
of the concentrator.
•
•
•

•

The stack test was performed on a concentrator running Flue Gas Desulfurization water
at a rate of 50,000 gal/day. Leachate at Westmoreland will have lower total solids and
lower processing rate of 45,000 gal/day.
The thermal energy source for this stack test was combusted propane while the
evaporation process at Westmoreland will utilize clean, pipeline natural gas.
The results of the stack test show that filterable PM was measured at 0.814 lb/hr [3.6
ton/yr] while total PM was 1.032 lb/hr [4.5 ton/yr]. EPA Method 5 was used to measure
filterable PM while EPA method 202 was used to measure condensable PM. This is a
wet stack gas, therefore Method 201A is not applicable.
While performing the stack test, TDS was measured onsite. The influent TDS of the
1

Craig T. Clerkin, Chief Operating Officer
608-516-7012 · cclerkin@heartlandtech.com
www.heartlandtech.com

•

wastewater averaged a concentration of 5.63% and a specific gravity of 1.04 during the
stack test period. Therefore, the TDS solids fed to the concentrator during the time of the
stack test was 32 gal/min * 60 min/hr * 8.34 lb/gal* 1.04 *0.0563TDS = 938 lb/hr of
solids.
Solids retention, or the reduction in TDS when comparing the TDS of the influent liquids
to the particulate emissions is calculated as [1-(total PM / TDS)] = [1-(1.032/938)] =
99.8% in the residual.

Note this stack test was performed on the same concentrator that will be relocated to
Westmoreland Sanitary Landfill. The concentrator is being upgraded with new controls,
instrumentation and other technology improvements to increase efficiency.
Please advise if you need other information.

Sincerely,

Heartland Water Technology, Inc.

By: _______________________________
Craig T. Clerkin, COO
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Compliance Emissions
Test Report

1.0 EXECUTIVE SUMMARY

TEST INFORMATION
Test Location

Test Dates

Test Parameters

TEST RESULTS
Test
Location

Test Parameter

Project No. M143009-02
Heartland Concentrator Stack

Projected Emission Limits

1 of 208

Emission Rates
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ATTACHMENT 3
RADIOLOGICAL EMISSIONS MONITORING AND
TESTING PLAN

Westmoreland Sanitary landfill – Leachate Evaporator
Radiological Emissions Monitoring and Testing Plan

(1)
Revised 09/2021

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. Civil and Environmental
Consultants, Inc. (CEC) was contracted to perform air dispersion modeling to assist with
the selection of radiation monitoring devices. The radiological monitoring portion of the
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Plan will include both perimeter monitoring and area monitoring. Radiological 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 four (4) 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 the results
of air dispersion modeling performed by CEC. The dispersion modeling was
performed in accordance with modeling protocol previously approved by the
PADEP. The dispersion model analyzed the existing configuration of the
landfill as well as the future final configuration of the landfill and utilized local
meteorological data (Pittsburgh International Airport) to generate
concentration contours of potential radiological emissions. Areas which
contained the highest estimated concentration of radiological emissions were
selected to place perimeter monitoring and also area monitoring devices. A
complete copy of the air dispersion modeling report is included in
Attachment 4 of the response to the PADEP May 7, 2021 Comment Letter.
The locations of the four 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. This location is outside of the estimated emission areas
concentration contours in the air dispersion modeling for both
existing and future configurations of the landfill.
o Location 2 – Downwind of the evaporator at the site boundary provide
a representation of the potential for offsite emissions information. This
area is within a medium estimated emissions concentration area
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from dispersion modeling around the perimeter of the landfill for
both the existing and future landfill configurations.
o Location 3 – In the immediate vicinity of the evaporator in the
highest estimated emission concentration area from dispersion
modeling for both the existing and future landfill configurations.
o Location 4 – Directly east of the evaporator in an estimated higher
emissions area from dispersion modeling of the future landfill
configuration.
 Area Monitoring (external beta/gamma exposure on and off site) – Area
monitoring will include six (6) 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 six (6) 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 to WSL
summarizing the findings.
An example photo of a TLD is included in Exhibit 1 of this Plan. The locations
of the TLDs were selected to be consistent with the perimeter air monitors for
four 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 4 – Consistent with air monitor locations.
o Location 5 – Outside of the landfill office to monitor potential worker
exposure.
o Location 6 – 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 would be challenging for this application. 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
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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
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. The Report will be submitted by the end of the following month
for each quarter.
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 2 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
by the end of the following month for each quarter.
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 any confirmed / verified results from any of
the analyses indicate exceedance of the NRC air discharge limits, the facility will
immediately notify the PADEP.
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1.0 INTRODUCTION

Noble Environmental, Inc. (Noble) submitted a Plan Approval to the Pennsylvania Department of
Environmental Protection (PADEP) in 2020 for the installation of a leachate evaporator at the
Westmoreland Sanitary Landfill (WSL) located in Belle Vernon, Westmoreland County, PA. In
correspondence dated May 7, 2021, PADEP requested additional information regarding the
selection of monitoring locations and potential effects of the elevated landfill cell(s) topography
on monitoring radionuclide emissions. Subsequently, Noble proposed an air dispersion modeling
analysis to estimate ambient air concentrations of radionuclides.

A telephone conference was held with PADEP on June 8, 2021 to discuss the proposed air
dispersion modeling. An air dispersion modeling protocol was submitted on June 25, 2021.
PADEP sent comments on the June protocol. A revised protocol was submitted on August 11,
2021 and approved by PADEP on August 23, 2021.

This air dispersion modeling analysis was conducted in accordance with US EPA’s Guidelines on
Air Quality Models (40 CFR 51 Appendix W) and PADEP’s recommendations from our
discussions and protocol comments.
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2.0 PROJECT SUMMARY

Perma-Fix Environmental Services, Inc. (Perma-Fix) has provided Noble with calculations to
estimate the maximum radium-226 (Ra-226) and radium-228 (Ra-228) in the evaporator sludge
material and emitted through the evaporation process. These calculations assume the influent
radium is emitted as a particulate during the evaporation process. The calculations assume a total
dissolved solids (TDS) reduction of 99%. This reduction occurs through removal of TDS within
the evaporator mist elimination system.

While radium is in the form of particulate matter (PM), this dispersion modeling analysis will not
include special model processing for PM (i.e. PM10 or PM2.5) as this is not intended to be a
National Ambient Air Quality (NAAQS) analysis. Since this is not a NAAQS analysis, the
following have been excluded from consideration and/or analysis:
•

PM10 and PM2.5 NAAQS standards;

•

PM10 and PM2.5 Significant Impact Levels;

•

Nearby Sources;

•

Background Concentrations; and

•

Secondary Formation of PM 2.5.

PROJECT LOCATION

The location of emission sources, structures, and receptors are represented in the Universal
Transverse Mercator (UTM) coordinate system. The datum for the Westmoreland Sanitary
Landfill modeling analysis is based on World Geodic System (WGS84). UTM coordinates for
this analysis are all located within UTM Zone 17. A map of the surrounding area and property
boundary is in Appendix A.

The evaporator will be located at the Westmoreland Sanitary Landfill, on an approximate 300-acre
parcel.
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The approximate UTM coordinates of the evaporator are 597,393 meters Easting and 4,444,662
meters Northing. The project is located at a base elevation of about 290 meters above mean sea
level. The evaporator is located at an active landfill. Current landfill elevations range from about
290 meters to 335 meters above sea level. This modeling analysis also evaluated a second scenario,
accounting for the projected final cover grade of the landfill. Final cover grade ranges from about
320 meters to 410 meters above sea level.

MODEL SELECTION

CEC used the American Meteorological Society/Environmental Protection Agency Regulatory
Model (AERMOD, v21112) for this dispersion modeling analysis. AERMOD is an EPA-approved
and required dispersion model for evaluating impacts of land-based stationary sources as outlined
in EPA’s “Guideline on Air Quality Models” (40 CFR 51, Appendix W).

AERMOD is capable of modeling receptors both in the near-building wake (cavity) region as well
as far-building wake regions. AERMOD incorporates the Plume Rise Model Enhancement
(PRIME) downwash algorithm. The PRIME algorithm accounts for the distance from each
structure to potentially affected sources in that structure’s region of influence.

Default AERMOD control options were used. Consistent with EPA recommendations, these
included the following:
•

Stack-tip downwash; and

•

Effects of elevated terrain (simple and complex).

2.2.1

Urban / Rural Classification

In accordance with Section 7.2.1.1 of EPA’s Guideline on Air Quality Models, Appendix W, for
any dispersion modeling exercise the “urban” or “rural” determination of the location surrounding
the subject source is important in determining the applicable boundary layer characteristics that
affect the modeled calculation of ambient concentrations. The land use methodology in Section
7.2.1.1(b)(i) of Appendix W was used to determine the urban or rural status of the area around the
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Westmoreland Sanitary Landfill. This methodology examines the various land uses within 3 km
of the source and quantifies the percentage of area in various land use categories. Following this
guidance, 2016 National Land Cover Data was used to determine land use categories within a 3km radius circle inscribed electronically around the landfill. The land use analysis shows the area
is ~80% rural. Therefore, no urban model option was selected.

Table 1: Urban / Rural Classification
2016 NLCD Land Cover Classification

Auer Land-Use Classification

Category
ID

Category Description

Category ID

Category Description

Urban /
Rural

11

Open Water

A5

Water Surfaces

Rural

4.36%

21

Developed, Open Space

A1

Metropolitan Natural

Rural

11.30%

22

Developed, Low Intensity

R1

Common Residential

Rural

18.49%

23

Developed, Medium Intensity

R2, R3, C1, I1, I2

Compact Residential / Commercial / Industrial

Urban

14.77%

24

Developed, High Intensity

R2, R3, C1, I1, I2

Compact Residential / Commercial / Industrial

Urban

5.31%

31

Barren Land (Rock/Sand/Clay)

A3

Undeveloped (uncultivated, wasteland)

Rural

2.16%

41

Deciduous Forest

A4

Undeveloped (rural)

Rural

19.09%

42

Evergreen Forest

A4

Undeveloped (rural)

Rural

0.04%

43

Mixed Forest

A4

Undeveloped (rural)

Rural

14.46%

52

Shrub/Scrub

A3

Undeveloped (uncultivated, wasteland)

Rural

0.02%

71

Grasslands/Herbaceous

A3

Undeveloped (uncultivated, wasteland)

Rural

0.78%

81

Pasture/Hay

A2

Agricultural (rural)

Rural

7.60%

82

Cultivated Crops

A2

Agricultural (rural)

Rural

1.61%

95

Emergent Herbaceous Wetland

A3

Undeveloped (uncultivated, wasteland)

Rural

0.00%

Percent

100.0%
Urban

20.08%

Rural

79.92%

PROJECT SOURCE AND STACK PARAMETERS

This dispersion modeling analysis estimates ambient air concentrations from the evaporator stack.
A unit emission rate (1 g/s) is was used in this modeling analysis.
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The stack parameters provided in engineering drawings and previous emission calculations
(attached) are as follows:

Stack Height:

39 feet

Stack Diameter:

48 inches

Stack Temperature:

165°F

Stack Exhaust Flow Rate:

30,400 scfm (22% moisture)

Stack Exhaust Flow Rate:

36,012 acfm

Stack parameter calculations are further detailed in Appendix B.

GOOD ENGINEERING PRACTICE (GEP) STACK HEIGHT AND BUILDING
DOWNWASH

The roof elevation of the one significant building was provided by Noble. Building dimensions
were estimated from the most recent landfill drawing, also provided by Noble. The UTM
coordinates for the building were determined by overlaying the site plan on Google Earth satellite
imagery, ensuring that the surrounding landmarks were adequately aligned. The building was
processed using the EPA Building Profile Input Program (BPIP-PRIME v04274) to determine the
Good Engineering Practice (GEP) stack heights, direction-specific building heights, and widths
for each 10- degree direction for the emission source included in this air dispersion analysis.

TERRAIN AND RECEPTOR DATA

A discrete Cartesian receptor grid was generated in AERMOD. Receptor spacing is as follows:
•

25-meter spacing along property boundary;

•

50-meter spacing from the property boundary to a distance of 2,000 meters;

•

100-meter spacing from the property boundary to a distance of 5,000 meters;

•

Special receptors to be located at residences identified nearby; and

•

10-meter spacing in the area of identified “hot spots”.
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This dispersion modeling analysis is based on two landfill elevation scenarios. The first modeling
scenario incorporates current landfill elevations, reflected in the most recent U.S. Geologic
Survey’s (USGS) 3D Elevation Program (3DEP) data. The second modeling scenario incorporates
elevations from plans for the landfill’s final cover grade including a potential berm to be install at
the landfill.

Receptor terrain data was determined in a two-step process. First, a 10,000 meter x 10,000 meter
receptor grid with spacing specified above, was centered on the landfill property, with 30 meter
spacing within the property boundaries. The USGS 3DEP data was imported into AERMOD’s
terrain processor AERMAP (v18081) in GeoTIFF format. The GeoTIFF file is one-third arcsecond (~10 meter) resolution.

For the modeling scenario using the final landfill cover grade, elevation files were provided by
WSL in the form of XYZ data points. The change in landfill elevation is within the WSL property
boundaries. The .ROU file produced by AERMAP from the 3DEP dataset was formatted as an
XYZ data file. Elevation data for the final cover grade provided in the WSF XYZ files was used
to replace 3DEP elevation data. The combined file XYZ file was then processed in AERMAP in
order to calculate hill heights for the landfill ambient air perimeter and near perimeter off-site
receptors. Hill height scales were assigned by AERMAP for the elevations provided in the XYZ
file by specifying the TERRHGTS PROVIDED keywords in the CO pathway of the AERMAP
input file.

The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
standard 62.1 defines “breathing zone” as “the region within an occupied space between planes 3
and 72 in (75 and 1800 mm) above the floor…”. This modeling analysis was conducted without
flagpole receptors (i.e. ground level concentrations), and with flagpole receptors placed at three
feet and at six feet in separate model runs for each of the two modeling scenarios. For simplicity,
the most conservative model results of the three elevations (zero, three, and six feet) is presented
in this report.
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METEOROLOGICAL DATA

The DEP has provided an AERMOD ready five year meteorological data set for the years 2016
through 2020. Both upper air and surface data were collected from the Pittsburgh International
Airport (KPIT). The elevation of the KPIT station is 367 meters. The KPIT data was processed
by the DEP with AERMET (v21112), AERMINUTE (v15272), and AERSURFACE (v20060).

In order to evaluate the representativeness of KPIT data to the location of the evaporator at the
Westmoreland Sanitary Landfill, AERSURFACE (v. 20060) was used to determine the surface
characteristics albedo, bowen ratio, and surface roughness within a one-kilometer radius of the
location of the evaporator and the KPIT meteorological station.

Details of the surface

characteristics comparison have been provided electronically (Appendix D).

Meteorological data processed with the adjust u* option was used in this analysis. Receptor
concentrations have the potential to be overestimated in low wind conditions, as the evaporator
stack is fairly short (39 feet).

EMISSIONS DATA AND MODEL RESULTS

A unit emission rate (1 g/s) was used in the air dispersion model. Radium is assumed to be emitted
in particulate form. Concentrations predicted by the air dispersion model were first batch
converted to (microCuries per milliliter (µCi/ml) x 10-12) per (g/s), then to µCi/ml x 10-12 radium
using the actual emission rate for each isotope, in g/s. Results are reported as µCi/ml x 10-12 due
to decimal place limitations in AERMOD.

The conversion factors are included in Appendix B, Stack Parameters and Emission
Calculations.
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2.7.1 Calculations

The output concentrations of the air dispersion model (µg/m3) were converted into µCi/ml and
used to determine the total effective dose equivalent (i.e. dose) at the potential receptor locations
for each of the two radium isotopes.

To convert from µg/m3 to µCi/ml for Ra-226, the following conversion was used:
𝑚𝑚3
𝜇𝜇𝜇𝜇
𝜇𝜇𝜇𝜇
(226𝑅𝑅𝑅𝑅 )
×
÷ 9.89 × 10−1
3
6
1 × 10 𝑚𝑚𝑚𝑚
𝑚𝑚
𝜇𝜇𝜇𝜇𝜇𝜇

To convert from µg/m3 to µCi/ml for Ra-228, the following conversion was used:
𝑚𝑚3
𝜇𝜇𝜇𝜇
𝜇𝜇𝜇𝜇
2
(228𝑅𝑅𝑅𝑅 )
×
÷
2.73
×
10
𝑚𝑚3 1 × 106 𝑚𝑚𝑚𝑚
𝜇𝜇𝜇𝜇𝜇𝜇

2.7.2

Calculation Assumptions

The emissions concentrations of Ra-226 and Ra-228 were provided to CEC by Perma-Fix and
were based on calculations prepared by Perma-Fix using the following assumptions:
•

Radium is assumed to be emitted in particulate form.

•

45,000 gal/day processed through system (maximum system capacity).

•

The entire 45,000 gal/day is emitted through evaporation (conservative assumption).

•

99% of radium is removed by the evaporator mist elimination system through TDS
reduction which goes into the sludge. The remaining 1% gets evaporated with the 45,000
gal/day (based on 99% TDS reduction manufacturer specification).

As part of the permitting process for the proposed leachate evaporation system, Westmoreland
Sanitary Landfill collected representative samples of the facility’s leachate to test for radium-226
and radium-228. The maximum concentrations of Ra-226 and Ra-228 from the laboratory results
were used in the emissions calculations prepared by Perma-Fix and provided to CEC for use in
this dispersion modeling analysis. Westmoreland Sanitary Landfill does not anticipate any
significant changes to future incoming waste streams and therefore does not anticipate any
significant changes to the radionuclide content of the leachate.
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2.7.3

Regulatory and Technical Thresholds

Using the results presented in this modeling report, the dose of radium was determined using the
methodology in Appendix B to 10 CFR 20 of the U.S. Nuclear Regulatory Commission (NRC)
regulations (Annual Limits on Intake and Derived Air Concentrations of Radionuclides for
Occupational Exposure; Effluent Concentrations; Concentrations for Release to Sewerage).

Table 2 in Appendix B to 10 CFR 20 is relevant to the assessment of dose to the public. The
concentration values in Table 2 are equivalent to the radionuclide concentrations, which, if inhaled
or ingested continuously over the course of a year, would produce a total effective dose equivalent
of 50 millirem. Because more than one radionuclide is present, a Unity Rule calculation was
performed to account for the dose contribution of Ra-226 and Ra-228.

Calculations quantifying maximum radium content emitted through the evaporation process and
of the sludge have previously been submitted to the PADEP. These calculations were updated by
Perma-Fix based on the May 7, 2021 PADEP comment letter. These calculations will also be
included with the complete response to the May 7, 2021 PADEP comment letter. These
calculations demonstrate the incoming leachate concentrations of Ra-226 and Ra-228 would each
have to be greater than 60 times the previously measured maximum concentrations, while the
evaporator is operating at full capacity, to exceed the Unity Rule. These calculations are
independent of the air dispersion model results.

The maximum output concentrations of the air dispersion model (µCi/ml) are used to determine
the total effective dose equivalent (i.e. dose) at the potential receptor locations for each of the two
radium isotopes using Table 2 in Appendix B to 10 CFR 20. The Unity Rule calculation will be
performed to account for the dose contribution of Ra-226 and Ra-228. Results of the total effective
dose equivalent are included in Section 3.

Following installation and startup of the HRT pre-treatment and leachate evaporation systems, the
site will collect representative samples (before and after pre-treatment) in accordance with the
landfill’s Solid Waste Permit. Resulting radium-226 and radium-228 concentrations will be
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compared with the calculated concentrations that would exceed the unity rule. This process will
enable Westmoreland Sanitary Landfill to establish a database of Ra-226 and Ra-228
concentrations for tracking potential concentration changes, as well as to demonstrate compliance
with NRC Limits.
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3.0 MODEL RESULTS
MODELING FILES

All input and output files associated with the EPA’s AERMOD Modeling System have been
submitted electronically with this modeling report. A summary of files is provided in Table 2.

Table 2: Summary of Modeling File Names and Extensions
File Name / Extension
*ADI
*ADO
*.PFL, *.SFC
*.BPI
*.PLT

CAD POINTS FROM
CONTOURS.txt
*.ROU
*.INP
*.OUT
*.DM1

Description
AERMOD input file
AERMOD output file
Meteorological data
Building input file
Plot File Description
Scenarios
Flag Pole Receptors at 0, 3 ft, 6 ft
XYZ file extracted from WSF
provided CAD drawing
Receptor file
AERMAP.INP
AERMAP.OUT
XYZ convert to DEM

*.XLS(X)

MS Excel files

Additional Information
----Plot File Name Designation
Current LF; Future LF
(Flag 0); (Flag 3); (Flag 6)
PA83-SF, SPC 3702, units =
feet
-AERMAP Files (Future
scenario)
Appendix B: Stack parameters
and unit converted plot files

MODELED CONCENTRATIONS

Model output concentrations contours will be used to assist in locating potentially impacted areas,
including potential sensitive receptor locations. This information will be used to select air
monitoring locations and update, as needed, the monitoring plan previously submitted to the
PADEP by Noble. In addition to the ground level concentration analysis, flagpole receptors set
at three feet above ground level and six feet above ground level were evaluated. Modeled
concentrations are based on the high-first-high 1-hr average concentration at each receptor. Since
the purpose of this modeling analysis is to identify locations for air monitors, on-site receptors are
included in the receptor grid. With north equal to 0 degrees, maximum offsite impacts are shown
to occur between approximately 135° and 340°. Maximum concentrations occurred onsite near
the evaporator. Maximum concentrations are summarized in the table below. A concentration
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contour plot for the current landfill elevations and a concentration contour plot for the landfill final
cover elevations (labeled Current and Future, respectively) are provided in Appendix D. While
concentrations vary with flagpole receptor height and isotope, the areas of impact remain constant;
therefore, one “Current” and one “Future” contour plot is provided. A wind rose based on the
meteorological data used in this modeling analysis is also provided in Appendix F.

Table 3: Model Results – Maximum Concentrations

Scenario
Current LF (Flag 0)
Current LF (Flag 3)
Current LF (Flag 6)
Future LF (Flag 0)
Future LF (Flag 3)
Future LF (Flag 6)

Radium-226 H1H Radium-228 H1H
[µCi/ml x 10-12]
[µCi/ml x 10-12]

4.90E-05
5.78E-05
6.44E-05
6.18E-05
6.20E-05
6.44E-05

2.29E-05
2.70E-05
3.01E-05
2.89E-05
2.90E-05
3.01E-05

Location of Maximum
Concentrations
X UTM (m)
Y UTM (m)
597346.44
597346.44
597346.44
597493.84
597493.84
597346.44

4444703.34
4444703.34
4444703.34
4444880.78
4444880.78
4444703.34

Using the maximum air emission results shown in Table 3, Unity Rule calculations were performed
to determine the maximum annual dose at the location indicated in Table 3 for each of the six
scenarios. Results of the Unity Rule and dose calculations are shown in Table 4.
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Table 4: Unity Rule Results and Resultant Dose for Each Scenario.

Scenario
Current LF (Flag 0)
Current LF (Flag 3)
Current LF (Flag 6)
Future LF (Flag 0)
Future LF (Flag 3)
Future LF (Flag 6)

Radium-226
H1H
uCi/mL
4.90E-17
5.78E-17
6.44E-17
6.18E-17
6.20E-17
6.44E-17

pCi/L
4.90E-08
5.78E-08
6.44E-08
6.18E-08
6.20E-08
6.44E-08

Radium-228
H1H
uCi/mL
2.29E-17
2.70E-17
3.01E-17
2.89E-17
2.90E-17
3.01E-17

pCi/L
2.29E-08
2.70E-08
3.01E-08
2.89E-08
2.90E-08
3.01E-08

Unity Rule
Result1

Resultant
Dose
mrem

6.59E-05
7.77E-05
8.66E-05
8.31E-05
8.34E-05
8.66E-05

3.29E-03
3.89E-03
4.33E-03
4.16E-03
4.17E-03
4.33E-03

1. Nuclear Regulatory Commission Ra-226 and Ra-228 air discharge limits of 9E-4 pCi/L and 2E-3 pCi/L, respectively
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APPENDIX A
SITE PLAN AND RECEPTOR GRID

PROJECT TITLE:

Appendix A Receptor Grid
Leachate Evaporator

COMMENTS:

COMPANY NAME:

1

Civil & Environmental Consultants, Inc.

RECEPTORS:

27535
SCALE:

0
DATE:

6/23/2021
AERMOD View - Lakes Environmental Software

1:134,977
5 km
PROJECT NO.:

313-688
C:\Lakes\AERMOD View\NOBLE\NOBLE.isc

PROJECT TITLE:

Appendix A Site Layout
Leachate Evaporator

COMMENTS:

COMPANY NAME:

1

Civil & Environmental Consultants, Inc.

RECEPTORS:

27535
SCALE:

0
DATE:

6/23/2021
AERMOD View - Lakes Environmental Software

1:26,557
1 km
PROJECT NO.:

313-688
C:\Lakes\AERMOD View\NOBLE\NOBLE.isc

APPENDIX B
STACK PARAMETERS
.plt Conversion Files Submitted Electronically
(Modeling Parameters Conversion plt Files)

APPENDIX B - STACK PARAMETERS

Modeling Parameters
Stack height
Stack diameter
Exit flow rate

Exit temperature

39
11.89
4
1.22
30,400
36,012
17.00
165
347.0

Referance
Stack Drawing.pdf

ft
m
ft
Stack Drawing.pdf
m
scfm 22% H2O WSL-Air-Plan-Approval-RTC-1.pdf
acfm
m3/sec
°F
K

1 ft =
1 cf =
1 min =
F=
Ps =
Pb =
Pa =
RHs =
RHa =
PVs =
PVa =
Ts =
Ta =

https://www.pdblowers.com/tech-talk/scfm-standard-cfm-vs-acfm-actual-cfm/

0.3048 m
0.028317 m3
60 sec
[(F-32) x (5/9) +273.15] K
14.5
14.5
14.5
22%
22%
0.3391
0.3887
528
625

psia
psia
psia

psi
psi
R
R

APPENDIX C
STACK DIAGRAM

APPENDIX D
SURFACE CHARACTERISTICS COMPARISON CHARTS
(Submitted Electronically)

APPENDIX E
WIND ROSE AND CONCENTRATION CONTOUR PLOTS

WIND ROSE PLOT:

DISPLAY:

Station ID 94823 (KPIT)
2016-2018

Wind Speed
Direction (blowing from)

NORTH

10.8%
8.6%
6.45%
4.3%
2.15%

WEST

EAST

WIND SPEED
(m/s)
>= 11.10
8.80 - 11.10
5.70 - 8.80
3.60 - 5.70

SOUTH

2.10 - 3.60
0.50 - 2.10
Calms: 0.91%

COMMENTS:

DATA PERIOD:

Start Date: 1/1/2016 - 00:00
End Date: 12/31/2020 - 23:59

WRPLOT View - Lakes Environmental Software

CALM WINDS:

TOTAL COUNT:

0.91%

43800 hrs.

AVG. WIND SPEED:

DATE:

3.59 m/s

9/6/2021

PROJECT NO.:

PROJECT TITLE:

Current LF Elevation Impact Areas
Leachate Evaporator

Maximum
Concentration

Evaporator
Location

COMMENTS:

SOURCES:

COMPANY NAME:

1

Civil & Environmental Consultants, Inc.

RECEPTORS:

26522
OUTPUT TYPE:

SCALE:

Concentration

AERMOD View - Lakes Environmental Software

0

MAX:

DATE:

6.4E-05 10E-12 uCi/mL

9/7/2021

1:23,299
0.5 km
PROJECT NO.:

313-688
C:\Lakes\AERMOD View\NOBLE\NOBLE.isc

PROJECT TITLE:

Future LF Elevation Impact Areas
Leachate Evaporator

Maximum
Concentration

Evaporator
Location

COMMENTS:

SOURCES:

COMPANY NAME:

1

Civil & Environmental Consultants, Inc.

RECEPTORS:

26504
OUTPUT TYPE:

Concentration

AERMOD View - Lakes Environmental Software

SCALE:

0

MAX:

DATE:

6.4E-05 10E-12 uCi/mL

9/7/2021

1:27,410
1 km
PROJECT NO.:

313-688
C:\Lakes\AERMOD View\NOBLE Future\NOBLE Future.isc

