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ABSTRACT 
This is the final site report for testing conducted at Public Service of New 

Hampshire’s (PSNH) Merrimack Unit 2 (MK2).  This project was funded through the 
DOE/NETL Innovations for Existing Plants program.  It was a Phase III project with the goal 
to develop mercury control technologies that can achieve 50–70% mercury capture at costs 
25–50% less than baseline estimates of $50,000–$70,000/lb of mercury removed.  While 
results from testing at Merrimack indicate that the DOE goal was partially achieved, further 
improvements in the process are recommended. 

Merrimack burned a test blend of eastern bituminous and Venezuelan coals, for a 
target coal sulfur content of 1.2%, in its 335-MW Unit 2.  The blend ratio is approximately a 
50/50 split between the two coals.  Various sorbent injection tests were conducted on the flue 
gas stream either in front of the air preheater (APH) or in between the two in-series ESPs.  
Initial mercury control evaluations indicated that, without SO3 control, the sorbent 
concentration required to achieve 50% control would not be feasible, either economically or 
within constraints specific to the maximum reasonable particle loading to the ESP.  
Subsequently, with SO3 control via trona injection upstream of the APH, economically 
feasible mercury removal rates could be achieved with PAC injection, excepting balance-of-
plant concerns.  The results are summarized along with the impacts of the dual injection 
process on the air heater, ESP operation, and particulate emissions. 
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INTRODUCTION 
Public Service of New Hampshire (PSNH) has worked with the New Hampshire 

(NH) Legislature and the NH Department of Environmental Services (DES) to review the 
technical feasibility and costs associated with different levels of mercury control at the 
company’s coal-fired power plants.  NH House Bill 1673, signed into law by the Governor of 
New Hampshire, requires by July 1, 2013, an 80% reduction of mercury emissions from 
PSNH’s coal-fired power plants.  The law provides incentives to achieve mercury reductions 
prior to July 1, 2013, and additional reductions after 2013.  Because of early reduction 
language in the state regulation bill, PSNH chose to proactively address issues that many 
plants across the country will face over the next few years.  In addition to the state rules, 
PSNH will have to deal with the complexity of planning for uncertain and changing federal 
regulations. 

For instance, on February 8, 2008, the U.S. Court of Appeals for the District of 
Columbia (D.C.) vacated the Clean Air Mercury Rule (CAMR)1 promulgated by EPA in 
March of 2005, thus removing any federal regulations that require monitoring or control of 
mercury from electric generating units (EGUs).  Furthermore, on July 11, 2008, the D.C. 
Circuit vacated EPA's Clean Air Interstate Rule (CAIR).  CAIR was established to 
permanently cap emissions of sulfur dioxide (SO2) and nitrogen oxides (NOx) in the eastern 
United States.  Although CAIR was temporarily reinstated on December 23, 2008, the 
program will need to be revised due to the court's finding of “fundamental flaws” in the 
CAIR cap-and-trade provisions.  The status of CAMR and CAIR, in combination with new 
and pending mercury control regulations, creates uncertainty in the regulatory landscape, 
leaving open the possibility of even more stringent mercury control requirements.  Therefore, 
the data from this site provides additional information on options to remove mercury from 
plants with higher levels of SO2 and sulfur trioxide (SO3). 

PSNH’s Merrimack Station Unit 2 (MK2) is a very difficult yet important application 
for mercury reduction technology for a number of reasons.  MK2 has a selective catalytic 
reduction (SCR) system for NOx control, which has a side effect of converting some SO2 into 
SO3.  Thus, the flue gas stream, which is generated from the combustion of a medium-sulfur 
(1.2% sulfur target) test blend coal supply, resembles that of a higher-sulfur flue gas stream 
in terms of the SO3 content.  In addition, typical flue gas temperatures range from 330 to 
350 F, which is in the range that detrimentally impacts activated carbon performance. 

Prior to implementing the permanent compliance strategy of installing a wet scrubber in 
2013, it is important to gather data and assess whether PSNH can economically achieve the 
early mercury reductions allowed under NH House Bill 1673 while both meeting guiding 
principles that include 1) integrating environmental quality, public health and safety, and 
economic vitality; 2) facilitating scientifically and technically sound, cost-effective, and 
environmentally appropriate solutions; and 3) protecting fuel diversity, and supporting PSNH’s 
commitment to generate the low-cost, reliable energy necessary to meet customer demand. 

ADA-ES, Inc., (ADA-ES) and PSNH began work on a Cooperative Agreement with 
the Department of Energy (DOE) in April 2006 to fully evaluate sorbent injection for mercury 
control at MK2.  Activated carbon injection (ACI) is a relatively low capital-cost mercury 
control option for many electric generating units (EGU); however, the economic effectiveness 
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of utilizing the ACI system for EGUs that fire medium- to high-sulfur coals can be greatly 
reduced if high injection concentrations of sorbent are required to effectively lower mercury 
levels.  Additionally, high sorbent injection rates can increase particulate emissions and can 
reduce the ability of the plant to utilize/dispose of the fly ash–activated carbon mixtures.  The 
addition of sorbents/reagents to reduce SO3 also adds to the particulate emissions concerns 
and increases the difficulty of ash disposal. 

Full-scale sorbent injection tests were performed at MK2 following two approaches:  
the injection of a powdered activated carbon (PAC) sorbent designed to operate in an SO3 
flue gas environment and a co-benefit approach with a dual injection system designed to first 
limit the SO3 levels in the flue gas and then remove the mercury via more conventional 
activated carbon injection.  This report presents results from the evaluation test program at 
MK2, including 1) the effectiveness of injecting treated and untreated sorbents to control 
mercury, 2) co-benefits obtained through the mitigation of SO3, and 3) the impacts of the 
dual injection process on the air heater, ESP operation, and particulate emissions. 
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EXECUTIVE SUMMARY 
The overall objective of this project was to assess the potential for significant 

mercury control, between 50 and 90% above baseline, by sorbent injection for the 
challenging technical process configuration at Public Service of New Hampshire Merrimack 
Station Unit 2.  The primary emphasis of this project was to evaluate the performance of 
sorbent injection for mercury control, including the effect of co-benefits from SO3 mitigation. 
This program also assessed the performance capabilities of mercury measurement techniques 
in a challenging flue-gas environment and the impact of activated carbon injection on fly ash 
disposal options. 

This test program: 

1. Provided the necessary data to make a well-informed decision on the levels of mercury 
control possible with sorbent injection: 

a. Newly developed powdered activated carbon (PAC) sorbents do not yet have the 
ability to achieve high mercury removal rates, with the highest removals at 25%, in 
the presence of SCR-generated SO3. 

b. The performance of PAC can be enhanced when levels of SO3 in the flue gas are 
decreased, specifically below 10 ppm, with parametric (short-term; nine hours in this 
case) results achieving mercury removal rates of over 70% with SO3 at < 5 ppm. 

2. Observed that long-term operation of a mercury control system with a cyclone boiler can 
present balance-of-plant issues that must be addressed: 

a. Due to the low levels of fly ash generated by a cyclone boiler, injecting PAC between 
the ESPs can result in high levels of LOI in the ash collected, a contributing factor to 
ash auto-ignition. 

b. Introducing SO3 reduction sorbents can adversely impact the performance of a tubular 
air pre-heater (APH), such as potentially increasing the differential pressure across 
the APH. 

3. Provided operating experience with a new generation of mercury continuous emissions 
monitors (CEMs), the Thermo Fisher Mercury Freedom System™, in a very challenging 
flue gas environment. 

4. Enabled Public Service of New Hampshire to determine a cost-effective means to dispose 
of the PAC–ash mixture. 

5. Analyzed the performance of two SO3 sorbents, trona and magnesium oxide (MgO), 
neither of which was able to be injected long term due to balance-of-plant concerns: 

 Injection of 500 lb/hr of trona reduced the SO3 concentration by 50%, to 7–10 ppmv 
measured downstream of the APH.  Injection of trona at a rate of 1000 lb/hr decreased 
the SO3 concentration downstream of the APH further to about 5 ppmv. 

 Injection of MgO appeared (qualitatively) to reduce SO3 concentrations downstream 
of the APH. 
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 Injection of MgO at 180 lb/hr increased opacity from about 11% to about 17% at 
normal temperatures.  When the cold-end average temperature was reduced, giving a 
stack temperature of 315 ºF, the opacity decreased to about 13% at 180 lb/hr. 

 Injection of trona at 500 lb/hr did not have a noticeable impact on opacity; at 
625 lb/hr, there was a slight increase. 

Over the course of testing from October 2006 to April 2008, the amount of mercury 
removed from the flue gas as a direct result of PAC and SO3 sorbent–PAC injection was 
calculated to be 10.7 lbs.  This removal occurred over the course of 60+ days of sorbent 
injection (some days are partial injection days due to parametric testing) with an average 
mercury removal of approximately 50% during those test days.  The mercury removals 
calculated by year were: 

 2006:  0.2 lbs 

 2007:  6.0 lbs 

 2008:  4.5 lbs 
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PROJECT OBJECTIVES AND TECHNICAL APPROACH 
The purpose of this project was to evaluate the long-term mercury removal capability, 

long-term mercury emissions variability, and O&M costs associated with sorbent injection at 
Public Service of New Hampshire’s Merrimack Station Unit 2 (MK2).  PSNH has invested in 
studies and a short-term (three-week), full-scale test of a brominated sorbent (July 2005).  
This early work suggested that mercury capture using standard and brominated carbons at 
MK2 would be challenging and indicated that a long-term test would be necessary to 
determine the capability and costs of continuous activated carbon injection.  The technical 
challenges include high flue-gas temperature and selective catalytic reduction (SCR)-
generated SO3 concentration, both of which impede mercury capture. 

For the testing at Merrimack the project objective was to assess the potential for 
significant mercury control, between 50 and 90% above baseline.  This range was defined by 
the DOE Phase II Round 3 goal of achieving 50–70% capture, and the PSNH project aim of 
economically and effectively achieving mercury control of at least 70–90% beyond baseline 
capture.  In support of this objective, a study was undertaken to determine if process-based 
changes (e.g., combustion, SCR, ESP) could be implemented to reduce sorbent requirements 
and improve mercury capture.  Co-control of mercury and SO3 through dual injection was 
evaluated, including the additional benefit of injecting SO3 control sorbents upstream of the 
air pre-heater (APH) to reduce corrosion and stack flue gas temperature.  CFD modeling of 
the PAC injection location was carried out to ensure adequate dispersion of the sorbent.  
Additional efforts included an assessment of the impacts of the dual injection process on the 
air heater, ESP operation, and particulate emissions, the impact of activated carbon injection 
on fly ash disposal options, and the performance capabilities of mercury measurement 
techniques in a challenging flue-gas environment. 

To effectively accomplish the objectives and perform long-term testing at the 
optimum conditions, the work plan included the following series of technical tasks that are 
described later: 

 Site Coordination, Kickoff Meetings, Develop Test Plan, and QA/QC Plan 

 Design, Procure, and Install Equipment 

 Field Testing 

 Data Analysis 

 Coal, Ash, and By-Product Sample Evaluation 

 Economic Analysis 

 Technology Transfer 

 Management and Reporting 

Importance of Testing at Merrimack Unit 2 
Testing at MK2 provided important information concerning the mercury removal 

capability of sorbent injection in a challenging flue gas and plant configuration for which 
scant mercury control data exist.  Specifically, testing at MK2 provided the opportunity to 
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increase the knowledge base in six different areas.  These areas and the compelling reasons to 
support investment in testing at this site are identified in Table 1.  The MK2 test plans are 
contained in Appendix A. 

Table 1.  Areas of Interest Tested. 
Data Gap Description Compelling Reasons for Testing 

Testing of Cyclone Boiler  No publicly available sorbent injection test data were 
available on this type of boiler firing a bituminous coal. 

 Represents  8% of existing boilers 
 33 GW of generation 

Boiler sizes:  33–1246 MW 

SCR-Generated 
Concentration of SO3 

 Test results indicated that SCR-generated SO3 concentrations 
inhibit performance of conventional activated carbon;2 
therefore, it was important to evaluate options to 
counterbalance this flue gas constituent. 

 Results from this site will apply to boilers firing medium- and 
high-sulfur bituminous coals, and/or boilers with SCRs. 

 PSNH is evaluating technologies for SO3 reduction that, when 
combined with sorbent injection, may be synergistic, resulting 
in co-control of mercury and SO3. 

SCR  As more SCRs are put into service, it is important to gather 
additional information on how mercury control is affected by 
SCRs. 

 SCR-generated SO3 concentration is very similar to the 
increased SO3 seen on other units firing high-sulfur coals. 

High Flue Gas Temperatures  Operating temperatures entering the ESP are occasionally 
stratified to > 350 ºF.  Previous test results show that 
performance of untreated activated carbons on bituminous 
coals is negatively impacted at these temperatures.  This 
project provided an opportunity to evaluate whether sorbents 
developed for SCR-generated SO3 flue gases are effective at 
higher temperatures. 

 The combination of high temperature and SCR-generated SO3 
is particularly challenging because both result in a decrease in 
capacity of untreated activated carbons. 

ESP  Sorbent was injected between the original ESP (ESP 1) and 
the Supplemental ESP (ESP 2).  The SCA of the 
supplemental (i.e., treated) ESP is 230 ft2/kacfm. 

Treated Activated Carbons  Testing of activated carbons treated with bromine show that 
activated carbons could be effective at temperatures up to 
600 ºF.3  It is of interest to evaluate the long-term effectiveness 
of these sorbents when temperatures are > 350 ºF. 
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Merrimack Site Description 

General Description of Unit 2 
PSNH’s Merrimack Station is located in Bow, New Hampshire.  The Unit 2 boiler is 

a 336 MW Babcock & Wilcox (B&W) cyclone-fired unit that is firing a test blend of 
medium-sulfur eastern bituminous and Venezuelan coals to maintain a target goal of 1.2% S 
for SO2 and mercury control.  MK2 has an SCR system utilizing anhydrous ammonia 
injection for NOx reduction, which is operated year-round and results in year-round NOx 
emissions of 0.15 lb/MMBtu.  A side effect of the SCR is the conversion of SO2 to SO3, 
which effectively creates a flue gas stream more closely resembling that created by a high-
sulfur coal.  The air pre-heater is a tubular, cold-side/hot-side design.  Downstream of the 
APH, the unit is equipped with two ESPs in series for particulate control.  The first, original, 
ESP (ESP 1) is a weighted-wire design that has a specific collection area (SCA) of 
120 ft2/kacfm and has been retrofitted with Research-Cottrell rigid-discharge electrodes 
(RDE).  The second, supplemental ESP (ESP 2), is a Southern Environmental RDE design 
installed in 1999 with an SCA of 230 ft2/kacfm.  Flue gas is pushed through the ESPs via 
forced draft (FD) fans and the natural draft of the stack.  The flue gas temperature is kept 
elevated to ensure that SO3 does not condense and foul the APH.  Flue gas temperatures are 
330 to 350 ºF during full load operations at the inlet to ESP 1.  Figure 1 shows the Unit 2 
configuration along with the injection and sampling locations.  The port layout for injection 
and sampling is depicted in Figure 2.  Testing was conducted across the full unit.  Table 2 
summarizes key descriptive features of MK2.  A schematic of the TR sets for ESP 1 and 
ESP 2 is given in Figure 3 and Figure 4, respectively. 
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Figure 1.  Layout Sketch of Merrimack Unit 2. 
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Figure 2.  Port Layout at PSNH Merrimack Unit 2. 
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Figure 3.  TR Setup for Original ESP (ESP 1).  Each Set has Two Collection Hoppers 
Beneath It. 
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Figure 4.  TR Sets for Supplemental ESP (ESP 2). 

Table 2.  Merrimack Key Operating Parameters. 
Unit 2 

Size (MWG) 336 

Test Portion (MWG) 336 

Coal Medium-sulfur test blend of eastern 
bituminous and Venezuelan coals 

 Heating Value (as received) (BTU/lb) 13,000 

 Sulfur (% by weight as received) 1.2 

 Chlorine (ppm dry) 1000 

 Mercury (ppm dry)* 0.07 

Particulate Control Two cold-side ESPs in series 
SCA = 350 ft2/kacfm 

NOx Control SCR 

Sulfur Control Coal blend 

Ash Reuse Cyclone furnace reinjection or off-
site beneficial reuse (concrete 

additive, flowable fill) 
*The mercury ratio in the coal is for the typical test blend 1/1 eastern bituminous/Venezuelan. 
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Sorbent and Additive Injection Equipment and Location 
The mercury sorbent injection system included a silo for sorbent storage, a metering 

system, sorbent distributors, injection grids, and interconnecting piping.  The sorbent 
delivery system is described in greater detail in Appendix B. 

Several locations for the PAC injection point were evaluated, including at the 
Original ESP (ESP 1) inlet, directly at the outlet of ESP 1, at the narrow duct section in 
between the ESPs, and at the APH inlet.  Reaction Engineering International (REI) provided 
support to determine the best locations for the injection.  Based on the CFD modeling and 
estimated analysis of the flue gas SO3 levels, it was decided that the PAC injection would 
work best at the narrowest section of the duct run between the Original and Supplemental 
ESPs (ports 24 and 30–33 in Figure 2).  Some parametric tests included injecting activated 
carbon in ports located upstream of the APH (Figure 1).  The PAC sorbent injection ports 
were installed at the plant as part of this mercury control test program.  An additional port 
(number 45 in Figure 2) was installed in 2Q07 to evaluate whether improving sorbent 
distribution would increase the mercury removal. 

There were two PAC injection lance designs used at Merrimack Station.  Both lance 
designs were located between the Original and Supplemental ESPs.  Since the duct at this 
point was narrow (12 feet) and deep (25 feet), a typical open-ended, single lance per port 
design would not provide sufficient sorbent distribution along the depth of the duct.  Two 
lance designs were evaluated during this program.  In the initial design, each lance had 
multiple discharge nozzles (multi-hole design).  Two lances were installed in each port; the 
first with nozzles placed to cover the upper section of the duct and the second with nozzles 
placed to cover the deeper section of the duct.  Due to operability problems with the multi-
hole design, a simpler design less prone to pluggage was later installed.  The dual lance 
design was kept, but the ends of the multi-hole lances were cut off to prevent pluggage.  The 
result was effectively a typical open-ended design with two lances installed in each port.  The 
lance lengths were offset to provide better sorbent coverage. 

Four injection lances to inject alkali materials for SO3 control were located at the 
outlet of the SCR (two lances per side wall), upstream of the APH.  New lances were 
installed in 2Q07 to improve sorbent distribution.  These lances were installed in ports 
previously used by Merrimack for SO3 control testing. 

Monitoring Equipment and Locations 
Two Thermo Fisher Mercury Freedom Systemm  continuous mercury emission 

monitoring systems (CEMS) were used to provide real-time feedback for the entire baseline, 
parametric, and extended injection test program at MK2.  Additional mercury measurements 
were made using the Ontario Hydro (OH) method, the modified Appendix K sorbent trap 
method (STM), EPA Method 29 multi-metal test procedure, and EPA Method 30A 
instrumental reference method.  Full reports from the manual testing are available in 
Appendix C.  Descriptions of the Mercury Freedom System™ and STM techniques are 
provided for reference in Appendix D.  Quality Assurance and Quality Control systems data 
are available in Appendix E. 
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SO3 concentrations in the flue gas were measured by E.ON U.S. using modified EPA 
Method 8A controlled condensation, a manual sampling method.  In addition, an in-situ 
monitoring device developed and supplied by Breen Energy Solutions was used to give a 
real-time indication of SO3 concentration.  This instrument provides real-time measurements 
of acid dew point temperatures and, indirectly, SO3 concentration.  This instrument is 
described in Appendix F. 

For the test program, flue gas extraction probes for the mercury CEMS were inserted 
at the ESP 2 inlet (port 29) and outlet (port 37), with additional sampling for mercury 
conducted at various port locations from downstream of the APH to the stack.  SO3 
measurements were conducted at the APH outlet, ESP 2 inlet, and ESP 2 outlet. 

Sorbent Screening Device 
ADA-ES has developed a sorbent screening device (SSD) that allows simultaneous 

comparison of several sorbents, provides an indication of the mercury removal achievable 
with a particular sorbent, and provides an estimate of the amount of sorbent required to 
achieve various mercury removal levels in a full-scale application.  This device was used to 
screen sorbents, including developmental materials, for the co-control of mercury and SO3 
and is described in Appendix G. 

CFD Modeling 
REI performed a series of computational fluid dynamics (CFD) simulations to 

evaluate the impact of the specific injection approach on the distribution of sorbent in the 
duct and on the in-flight mercury removal.  This evaluation guided optimization of proposed 
injection strategies.  The computational grid used for the CFD modeling began at the outlet 
plenum of ESP 1 and extended to the inlet plenum of ESP 2 and included the baffles in the 
ESPs as well as the series of turning vanes in the transitional duct between the two ESPs.  In 
the CFD simulations, several different configurations of injection lances were evaluated.  The 
sorbent capacities and temperatures used in the model were chosen to correspond to 
conditions with and without trona injection.  Further details of the methodology are in 
Appendix H. 

Description of Field-Testing Subtasks 
Field-testing of sorbent injection for mercury control covered a period of 15 months, 

and included in-situ mercury sorbent screening tests, co-benefit testing, baseline 
measurements, parametric tests, and long-term continuous injection tests.  Performance was 
measured by obtaining plant data, such as combustion parameters; back-end plant 
parameters; and flue gas measurements, including real-time and periodic mercury 
measurements and solids samples. 

Sorbent Selection and Description 
During the sorbent selection phase of the project, only a few commercial sorbent 

producers were developing activated carbon sorbents for use in flue gas with SCR-generated 
SO3 concentrations.  Several sorbents were selected based on results from previous full-scale 
tests with similar flue gas conditions.  The sorbents included the following: 
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 Norit DARCO® Hg, the benchmark, lignite-based activated carbon that has been used 
in most mercury sorbent injection testing to date. 

 Norit DARCO® Hg-LH, a lignite-based activated carbon treated with bromine for 
improved effectiveness in low-halogen flue gases.  DARCO® Hg-LH was selected for 
two reasons:  it has shown a higher temperature tolerance than DARCO® Hg, and it 
has outperformed the standard PAC at previous sites with similar or higher levels of 
SO3. 

 Norit DARCO® Hg-E25c, an experimental lignite-based activated carbon treated with 
alkaline materials to protect the carbon from SO3 in the flue gas. 

 Norit DARCO® Hg-E26, an experimental lignite-based activated carbon treated with 
bromine for improved effectiveness in low-halogen flue gases, and alkaline materials 
to protect the carbon from SO3 in the flue gas.  Two versions of this sorbent were 
tested.  Norit recommended testing the sorbent to evaluate the upper limits of 
performance in an SO3 environment and assured the test team that it would be 
commercially available if the test results supported long-term testing using this 
approach. 

 Norit DARCO® Hg-E12, an experimental lignite-based activated carbon chemically 
treated with basic materials to provide buffering against SO3 condensation. 

 Calgon FLUEPAC®-MC PLUS, a bituminous-based activated carbon treated with 
bromine to enhance mercury capture in the flue gas. 

 Frontier GeoSciences, Inc., FGS-1, an activated carbon. 

Sorbent Screening Tests 
The team conducted a series of sorbent screening tests on selected mercury sorbents 

and SO3 additives from October 13–25, 2006.  Each test was two hours in duration.  The 
sorbents were tested at baseline conditions and while flue gas temperatures and SO3 
mitigation injection rates were varied.  Sorbent screening is conducted by running flue gas 
extracted from the duct through fixed beds of the selected sorbents.  Results of this method of 
sorbent screening are good indications of full-scale performance, and allow selection of the 
most promising sorbents for subsequent tests. 

Sample and Data Coordination 
Collecting, analyzing, and archiving samples and plant operating data are key aspects 

of any field test program.  A copy of the Sample and Data Management Plan is included in 
Appendix I.  Table 3 presents an example of samples and data collected during testing.  Solid 
samples of coal were collected during test days and submitted for analysis that included 
ultimate, proximate, and calorific analyses as well as mercury and chlorine content.  Grab 
samples of ash were collected from the ESP hoppers each day of testing for analysis and to 
determine the impact on fly ash quality and quantity, as well as disposal.  Ash samples from 
all non-ESP hopper collection devices were also collected and analyzed throughout the 
testing period.  Ash samples were analyzed for mercury content and LOI.  Samples were 
collected in accordance with DOE/NETL requirements.  All samples analysis results are 
available in Appendix J. 
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Table 3.  Data Collected during Field-Testing. 

Parameter Sample/Signal/Test Baseline Parametric 
Coal Batch sample Yes Yes 

Coal burn rate (lb/hr) 
quality (lb/MMBTU, % ash) Yes Yes 

Fly Ash Batch sample Yes Yes 

Unit Operation Plant signals:  boiler load, etc. Yes Yes 

Temperature Plant signal at AH inlet and ESP 
inlet/outlet Yes Yes 

Temperature Full traverse at ESP inlet/outlet Yes No 

Duct Gas Velocity Full traverse at ESP inlet/outlet Yes No 

Mercury 
(total and speciated) Hg Monitors at ESP inlet/outlet Yes Yes 

Mercury 
(total and speciated) 

ASTM M6784-02 (Ontario Hydro) at 
ESP inlet/outlet Yes (1 set) No 

Mercury (total) STM Yes Yes 

Particulate Emissions EPA Method 17 Yes No 

HBr, HCl, HF, Br2, Cl2 EPA Method 26a at ESP inlet/outlet Yes No 

SO3 Controlled Condensation at ESP inlet Yes No 

Sorbent Injection Rate PLC, lb/min No Yes 

Plant CEM data 
(NOx, SO2, CO) Plant data – stack Yes Yes 

Stack Opacity Plant data – stack Yes Yes 

Pollution Control 
Equipment 

Plant data (Sec mA, Sec Voltage, 
Sparks, etc.) Yes Yes 

Dual Injection Approach 
One technique for improving mercury removal in SCR-generated SO3 gas streams is 

using two sorbents:  one to reduce the SO3 concentration and one to remove mercury.  This 
dual injection approach was especially appealing for PSNH MK2 as the plant uses a tubular 
APH, which limits the ability of the plant to lower flue gas temperatures due to the potential 
condensation of SO3 and subsequent corrosion and fouling of the air heater.  A sorbent 
designed to reduce SO3 levels in the flue gas was injected upstream of the APH.  A direct co-
benefit of lowering SO3 levels in the flue gas was the ability of the plant to lower the APH 
cold-end average (CEA) temperature by as much as 30 ºF, which results in a measurable 
improvement in plant efficiency.  In this scenario, the potential effectiveness of the PAC to 
lower mercury emissions is greatly enhanced because of both the lower flue gas temperatures 
and the lower SO3 levels in the flue gas.  Particulate emissions and ESP operation was 
monitored during testing to determine if injection of the sorbents affected operation. 
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As part of an ongoing corrosion mitigation program, PSNH has conducted short-term 
evaluations with several dry additives to reduce SO3, including powdered limestone, 
magnesium oxide (MgO), and hydrated lime. 

Reaction Engineering International led the effort to develop the test plan for 
evaluating the co-benefit of injecting sorbents upstream of the APH to lower SO3 
concentrations.  Two SO3-reduction sorbents were chosen for full-scale testing:  MgO and 
sodium sesquicarbonate (trona).  These two sorbents were selected based on performance 
criteria identified by the DOE project team.  Trona was selected because it was the most 
effective of the carbonate-based sorbents and MgO was selected because previous tests at 
MK2 showed that it is an effective SO3 reduction sorbent and is relatively benign for ash 
disposal.  In addition to SO3 mitigation effectiveness, a critical consideration for PSNH in 
selecting an SO3-reduction sorbent was the ability of the plant to accommodate the collected 
sorbent with their existing plant coal combustion by-product utilization stream.  With a 
cyclone boiler, the amount of fly ash produced is less than a pulverized coal-fired boiler; 
therefore, the levels of sodium in the fly ash would be significantly increased with trona 
injection.  This would potentially present a disposal issue for the plant.  However, trona was 
included in the test program because of its proven ability to reduce SO3 with a minimal 
impact on ESP performance.  No wet additives were evaluated due to the potential for 
deposition in the ductwork.  Dual injection testing began in October 2006 and field-testing 
finished in March 2008.  Reaction Engineering’s full report is available in Appendix K. 

Pre-Baseline Testing 
In April 2006, the team conducted a preliminary two-day test funded by PSNH to 

evaluate the effect of lower flue gas temperature on SO3 and mercury concentrations at MK2.  
SO3 and mercury concentrations were measured at baseline (normal) and “lowered” flue gas 
temperature conditions on April 13 and April 14, respectively.  Flue gas temperatures were 
decreased by nominally 30 ºF by lowering the APH cold-end average temperatures.  Mercury 
concentrations were measured using a modified 40CFR Part 75 Appendix K procedure.  The 
two modifications to the procedure were to 1) use a shorter time frame to measure vapor-
phase mercury than that recommended in the procedure and 2) to use a two-section STM trap 
as opposed to the three-section spiked trap called for in the procedure.  SO3 was measured 
using a series of triplicate EPA Method 8A Controlled Condensation Method tests.  Coal 
samples and hopper samples were also taken to measure sulfur and mercury coal-bound 
levels and estimate native removal rates.  The complete test report is available in 
Appendix L. 

To check for stratification across the duct, temperature and velocity measurements 
were made in the sampling ports between the APH and the stack.  Measurements were made 
in 36 of the 44 ports prior to baseline testing in late September 2006. 

A complete traverse of the ductwork from the APH outlet to the stack using 
modified Appendix K sorbent traps was conducted prior to baseline testing to determine 
whether additional sampling would be required.  The results of that testing indicated that 
there was good flue gas mixing downstream of ESP 1.  The complete report is available in 
Appendix M. 
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Baseline Testing 
Prior to the commencement of the parametric test series, a series of baseline tests was 

conducted the week of October 2, 2006, to characterize native mercury capture across the 
ESP without sorbent injection.  There was no injection of any chemical additive related to the 
DOE test program.  However, the plant continued to inject a vermiculite additive, GE 
FS3955, for SHRH fouling control during all test periods.  Unit operation was set at 
conditions expected during the parametric tests.  Boiler load was held constant at full-load 
and the air pollution equipment was operated under standard full-load conditions.  Testing 
included: 

 Controlled condensation SO3 measurements at three locations:  ESP 1 inlet (ports 5, 
10, and 16), the inter-ESP duct just upstream of the inlet Hg CEM (port 28), and 
upstream of the outlet Hg CEM (port 35) on the stack inlet duct (see Figure 2) 
(Appendix N). 

 Ontario Hydro (OH) mercury, modified 40CFR Part 75 Appendix K mercury, M17 
particulate, and M26A halogens measurements.  Test locations for the OH tests were 
upstream of ESP 1 (ports 1-8) and downstream of the ACI injection location, on the 
stack (ports 41-44).  M17 and M26A tests were conducted at the same locations. 

 Real-time mercury measurements using the Thermo Fisher Scientific Mercury CEMS. 

 Modified Appendix K traps run in conjunction with the OH measurements. 

 Coal and ash sampling. 

Parametric Testing 
Parametric tests were conducted at full-load conditions by directly injecting a given 

mercury sorbent into the flue gas ductwork upstream of ESP 2.  Mercury CEMS were used to 
measure mercury removal.  If at any time the performance of the existing pollution control 
equipment or outlet emissions exceeded acceptable operating limits, testing was halted.  
Acceptable limits were discussed and agreed upon prior to beginning injection. 

Parametric test conditions are summarized in Table 4.  The number of tests and 
parameters to be evaluated evolved as results were obtained and new information learned 
from other test sites.  For example, based on the positive results from the sorbent screening 
tests with SO3 control, several sets of parametric testing were conducted in conjunction with 
sorbent injection for SO3 mitigation.  The tests were divided into four conditions (I–IV): 

I. Carbon injection only, injection location between the two ESPs. 

II. Dual injection with trona for SO3 control. 

III. Carbon injection only, upstream of the APH (recent DOE or industry tests showed some 
of the impacts from SO3 could be mitigated when the injection location was moved to 
upstream of the APH). 

IV. Dual injection with MgO for SO3 control.

On each parametric injection test day, one to five injection rates (or combinations of injection 
rates for dual injection) were tested.  Once steady mercury concentrations were achieved, the 
results were evaluated and new injection parameters established. 
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Table 4.  Summary of Parametric Test Conditions. 
Test ID Dates Carbon ID SO3 Sorbent Cold-End 

Ave. Temp 
ACI Location 

I – 1 Nov. 2006 DARCO® Hg-LH None Normal Between ESPs 

I – 2 Dec. 2006 DARCO® Hg-LH, E-26 None Normal Between ESPs 

I – 3 Jan. 2007 DARCO® Hg-LH, E-26 
(Batch 2) 

None (-) 30 ºF Between ESPs 

II – 1 Jan. 2007 DARCO® Hg Trona (-) 30 ºF Between ESPs 

II – 2 Jan. 2007 DARCO® Hg-LH Trona (-) 30 ºF Between ESPs 

III – 1 Jan. 2007 DARCO® Hg-LH None Normal Upstream APH 

IV – 1 Feb. 2007 DARCO® Hg-LH MgO Normal Between ESPs 

IV – 2 Feb. 2007 Calgon FLUEPAC®-MC 
PLUS 

MgO Normal Between ESPs 

IV – 1 Mar. 2007 DARCO® Hg MgO (milled) (-) 30 ºF Between ESPs 

IV – 2 Mar. 2007 DARCO® Hg MgO (-) 30 ºF Between ESPs 
 

Parametric testing also included an assessment of the balance-of-plant impacts related 
to the air heater, ESP performance, and opacity.  The plant did not have the capability of 
automatically monitoring ESP parameters and these were not logged automatically during 
these tests.  Instead, all ESP data were taken manually several times a day, with more 
frequent visual checks if parameters appeared to be changing. 

Balance-of-Plant Testing 
The parametric tests results were used to formulate a balance-of-plant test that 

consisted of a short-term continuous injection period prior to a plant outage scheduled for 
mid-April 2007.  This approach provided the opportunity to assess the proof-of-concept of the 
intended long-term test regime and, if necessary, make system modifications during the 
outage.  Three additional focal points of this continuous injection test period were to: 

1. Determine any additional enhancements to mercury removal, particularly while using 
MgO as an SO3 mitigation sorbent. 

2. Determine the need to improve distribution of the SO3 injection sorbent. 

3. Determine the need for any changes to the new PAC injection system. 

Continuous dual injection commenced March 30, 2007, with MgO and DARCO® Hg 
first followed by MgO and DARCO® Hg-LH.  A pin milling system was leased and brought 
on site to evaluate the effect of milled MgO.  Milling decreases particle size and increases the 
surface area, potentially increasing SO3 removal effectiveness.  The pin milling system was 
also used to evaluate milled trona with DARCO® Hg-LH.  This test period included a short 
pause to allow the plant to complete source testing for New Hampshire House Bill 1673, the 
New Hampshire mercury reduction legislation. 
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Long-Term Testing 
Upon completion of the parametric and balance-of-plant test series, ADA-ES 

compiled an informal report summarizing the results and conclusions of the testing to date.  
This report provided the data and analysis necessary to guide the project team and DOE in 
choosing the system parameters for the long-term test.  The decision was complicated by the 
significant improvements in mercury removal performance observed during a short-term test 
of milled trona.  Unfortunately, the on-site pin mill technology was not designed to support 
long-term continuous injection; therefore, milling of trona was not a viable option for long-
term testing. 

After approval from the DOE COR and the NH DES, Norit’s DARCO® Hg-LH was 
selected as the long-term test sorbent.  The initial scenario was for the test to be run 
continuously with injection of trona and PAC into the flue gas for a six-month period.  Long-
term testing was to be conducted at the optimum settings as determined by the project team 
based upon results from parametric tests and other considerations such as material cost and 
plant impacts.  It was the intent of DOE that these settings represent the most cost-effective 
condition for mercury removal.  The goal of this task was to obtain sufficient operational data 
on removal efficiency over an extended period, the effects on the particulate control device, 
effects on byproducts, and impacts to the balance-of-plant equipment to prove viability of the 
process and determine the process economics. 

Prior to the long-term test scheduled start date of early July 2007, DOE/NETL was 
unable to commit to the full funding of the final phase of the program.  The long-term test 
period was reduced in duration.  The actual long-term test phase was composed of three 
continuous injection periods:  November/December 2007, January 2008, and March 2008. 

 The first continuous injection period began on November 30, 2007, and continued 
until December 27, 2007. 

 On January 9, 2008, a short test with PAC only was conducted to evaluate a new PAC 
injection grid. 

 On January 18, 2008, trona injection was reestablished to evaluate whether increasing 
or decreasing trona injection rates would affect the rate of increase of APH differential 
pressure. 

 The second continuous injection period began on January 23, 2008, and continued 
until January 31, 2008. 

 The third continuous injection period began on March 12, 2008, and continued until 
March 31, 2008.  Manual testing was performed the week of March 24 and included 
EPA M5 particulate measurements, M26A halogen measurements (Appendix O), EPA 
M8A Controlled Condensation measurements of SO3 concentrations (Appendix P), 
modified M30A validations of the inlet and outlet mercury CEM measurements, and 
modified M30B sorbent traps. 
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MERRIMACK UNIT 2 TEST RESULTS 
The field-testing at MK2 was divided into three periods:  baseline, parametric, and 

extended testing, including two separate test periods prior to the baseline testing.  During 
baseline testing, no sorbent was injected into the flue gas.  In between baseline and 
parametric testing, five sorbents were screened to evaluate their potential effectiveness for 
mercury control during full-scale tests.  Due to technical difficulties experienced during the 
sorbent screening tests, results obtained were inconclusive and are not covered in detail.  
During parametric testing, the performance of four mercury sorbents was evaluated when 
these were injected between the original and supplemental ESP and when one was injected 
upstream of the APH.  During the extended test period, the performance of one mercury 
sorbent was evaluated during three distinct continuous injection intervals.  In addition, 
injection of sorbents for the reduction of SO3 was evaluated to gain better insight into the 
effect of SO3 mitigation on mercury removal.  Results from each test series are included in 
this section.  The generic calculation methodology is available in Appendix Q. 

In addition to field-tests, CFD modeling studies were undertaken during field-testing 
to determine sorbent distribution.  Results from these efforts are summarized below.  Also 
discussed are the performance capabilities of mercury measurement techniques in 
challenging flue-gas environments and the impact of dual injection on the ESPs, balance-of-
plant equipment, and fly ash disposal options. 

Pre-Baseline Testing 

Stratification Profiles 
Apart from the previously discussed challenges to mercury removal due to SCR-

generated levels of SO3 and high flue gas temperatures, another concern at Merrimack was 
whether the ducting configuration between the ESPs would allow adequate mixing of the 
mercury sorbent in the flue gas and whether mercury removal would be further hindered due 
to significant temperature stratification.  While equipment set-up, installation, and 
operational check-out were in progress prior to the baseline test sequence in October 2006, 
Air Sampling Associates, Inc., conducted a preliminary set of tests using EPA Methods 1 and 
2 to establish a velocity–temperature–mercury profile at the inlet to and outlet of ESP 1, 
between the ESPs, at the inlet to ESP 2, at the inlet to the stack, and in the stack (see Figure 2 
for port locations referenced in this section).  The data were used to assure the mercury CEM 
extraction locations were at representative locations and to assess whether the injection grid 
was designed properly for good sorbent distribution. 

Temperature and Velocity Profiles 
Temperature and velocity traverses were conducted across the inlet and outlet of both 

ESPs to determine the extent of temperature and flow stratification in the duct and to 
determine the appropriate injection and measurement locations. 

Upstream of the inlet to ESP 1, a split duct 67 feet wide by 6 feet deep, showed 
greater variation between ports than at different depths of a given port.  Temperatures tended 
to be lower midway along the duct (Figure 5).  This finding was confirmed by the in-situ 
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plant temperature monitors installed directly upstream at the APH outlet.  A tubular APH, 
with significant air leakage (estimated at 13%) as was experienced at Merrimack, would have 
temperature stratification.  The temperature stratification was not as high as that experienced 
prior to plant efforts to correct larger temperature variations during the April 2006 outage.  
Velocity tended to increase at greater depths, especially midway along the duct (Figure 5). 

 

Figure 5.  Temperature and Velocity Traverse at Inlet to ESP 1. 

Temperatures at the outlet of ESP 1 also tended to be warmer in ports near the outlet 
edges of ESP 1 and cooler deeper in the duct (270 inches from the port opening), as shown in 
Figure 6.  The average velocity at the outlet was less variable than at the inlet to ESP 1; 
17.5 ± 4.3 ft/s vs. 44.9 ± 8.6 ft/s, respectively (Figure 6).  A sketch of the port configuration 
at the outlet of ESP 1 is included in Figure 7 for reference. 
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Figure 6.  Temperature and Velocity Traverse at the Outlet of Original ESP (ESP 1). 
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Figure 7.  Port Configuration at the Outlet of ESP 1. 



 

Merrimack Final Scientific/Technical Report 21 
42780R12 

Temperatures tended to increase near the top of the duct (30–150 inches from the 
opening) from ports 28 to 25 (Figure 8).  The velocity at 90–120 inches from the opening 
was fairly consistent in ports 25 through 28, with lower velocities at shallower and deeper 
depths as shown in Figure 8. 
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Figure 8.  Temperature and Velocity Traverse along Duct between the ESPs. 
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Flue gas temperature remained cooler toward the bottom of the duct in ports 30 
through 33, with the coolest temperatures near the bottom of the duct in ports 32 and 33.  
Velocities increased from port 30 to port 33, with the highest velocity midway down the duct 
(150 inches from the port opening) in port 33.  These data are presented in Figure 9. 
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Figure 9.  Temperature and Velocity Traverse at the Inter-ESP Injection Ports.  
Upstream of the Supplemental ESP (ESP 2). 
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Temperatures along the duct to the inlet to the stack were relatively uniform, though 
were lower at the greatest depth measured (Figure 10).  The velocity profile along the duct to 
the stack is shown in Figure 10.  Port references are included in Figure 2. 
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Figure 10.  Temperature and Velocity Traverse along Duct to Stack. 
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Temperature and velocity profiles at the stack are shown in Figure 11.  The 
temperature variation at the stack was less than 3% and the velocity variation was less 
than 5%. 
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Figure 11.  Temperature and Velocity Traverse at Stack. 
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Sorbent Trap Measurements (STM) 
Traverses were conducted by Air Sampling Associates, Inc., (ASA) and ADA-ES 

during pre-baseline testing using sorbent traps to determine if there was mercury 
stratification in the duct.  ASA collected simultaneous co-located samples from selected ports 
at the inlet to ESP 1 at the stack at a single point in each port.  Dual samples were collected 
as a quality assurance measure.  Multiple ports were sampled to determine stratification.  
ADA-ES collected samples using a similar quality assurance technique (dual, co-located 
samples collected simultaneously) and also conducted some measurements with traps located 
at two locations and sampled simultaneously to determine stratification within ports. 

The average mercury concentrations at different sample locations and depths are 
summarized in Table 5.  The average mercury concentration at the inlet of ESP 1 differed 
from that at the stack by less than 4%.  The average mercury concentration of all the STM 
traps (not all STM traps are listed below in Table 5) along the ducting from inlet to outlet 
was 7.51 ± 0.66 µg/m3. 

Table 5.  Pre-Baseline Mercury Level Traversal from Inlet of ESP 1 to Stack. 
Location Date and Time Depth (ft) Hg (µg/dsm3) 

ESP 1 inlet (port 3) 9/29/06; 20:13–20:43 NA 7.69 
ESP 1 inlet (port 7) 9/29/06; 21:16–21:46 NA 9.77 
ESP 1 outlet (port 19) 9/29/06; 12:55–13:55 NA 8.17 
ESP 1 outlet (port 23) 9/29/06; 07:52–08:52 NA 8.62 
Inter-ESPs (port 33) 9/28/06; 15:03–16:03 5 7.37 
Inter-ESPs (port 33) 9/28/06; 15:03–16:03 14 6.98 
Inter-ESPs (port 32) 9/28/06; 17:28–18:28 10 7.76 
Inter-ESPs (port 32) 9/28/06; 17:28–18:28 20 8.05 
Inter-ESPs (port 28) 9/29/06; 11:17–12:17 NA 8.11 
Stack inlet (port 36) 9/28/06; 17:21–18:21 NA 8.13 
Stack inlet (port 38) 9/28/06; 15:46–16:46 NA 7.91 
Stack inlet (port 37) 9/29/06; 10:29–11:29 NA 7.38 
Stack 9/28/06; 11:17–12:17 NA 8.35 

Note:  If depth (feet) is NA, the mercury reading is an average of two traps.  If a depth is indicated, 
the mercury reading is a single trap. 

In general, the STM readings were in agreement with the inlet CEM located at the 
port directly upstream of the ACI ports.  Some STM traps used at the inlet to ESP 1 became 
plugged with ash during testing and the resultant mercury concentrations were lower than 
expected.  When the sampling run times were shortened from one hour to one-half hour, 
subsequent mercury measurements were consistent with the inlet mercury CEM.  The 
majority of sorbent traps, including those taken next to the outlet CEM, read lower than the 
outlet CEM.  The outlet CEM was biased high during several periods, as will be discussed in 
this report. 
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Thermo Fisher Mercury CEMS Performance 
In September 2006, the operation of the Thermo Fisher Mercury Freedom Systems™ 

(Thermo CEMS) was not as well understood as it is now.  Even today, in 2009, there are still 
operational issues that need to be addressed, although the instruments are more robust than 
when first placed in service.  The mercury CEMS used at MK2 were first generation builds 
by Thermo.  The two instruments were lacking the nitrogen generators, upgraded optics, 
improved insulation, and improved controls for pressure and temperature control that are 
now standard shelf items.  Because of these issues, there were some consistent operational 
issues with the Thermo CEMS throughout the test. 

The most basic issue throughout the test was the disparity in readings between the 
inlet and outlet CEMS.  Without correction, the outlet CEMS, located at the stack inlet 
breeching, would consistently read higher than the inlet CEMS, located on the ducting 
between the two ESP units.  Sorbent traps, Ontario Hydros, and Method 29 mercury 
measurements all demonstrated that the outlet CEMS was reading high.  The calibration of 
the outlet CEMS changed the magnitude of the correction required, but every test over a 
period of two years required a correction to the outlet CEMS reading.  The corrections were 
consistently analyzed to be a magnitude correction, most often between 0.5 to 2.0 µg/wscm.  
When estimating mercury removals as a result of parametric or continuous injection, the 
same corrective factor could be applied to the measurement from one calibration test to 
another.  The data referenced below demonstrate the correlation between the inlet and outlet 
mercury CEMS during PAC injection upstream of the APH, and therefore, upstream of both 
CEMS sampling ports. 

 
Figure 12.  Uncorrected Mercury Outlet Data. 
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Figure 13.  Corrected Mercury Outlet Data. 

As can be viewed in Figure 12 and Figure 13, the outlet mercury CEMS was reading 
above the inlet mercury CEMS.  Sorbent trap readings from the previous day had established a 
correction factor, (-)0.7 µg/wscm, that appeared to correlate the data.  This correction factor 
worked well until the next manual calibration of the system. 

As time has progressed, ADA has developed much better controls on the Thermo CEMS 
data.  ADA has developed troubleshooting algorithms to download the raw Thermo data and 
identify potential operational issues.  In the case of PSNH, the mercury CEMS start up did not 
proceed as smoothly as anticipated, with losses of power and air pressure occurring during start 
up.  These two failures probably introduced a level of contamination into the calibration line that 
caused a shift in calibration dependent upon calibration line humidity, ambient temperature, and 
supplied air pressure.  As a result, the initial system calibration read low and this error followed 
through the program. 

ADA believes that based upon the number of sorbent traps, Ontario Hydros, and M29 
mercury measurements run in conjunction with the outlet mercury CEMS during the test, that the 
outlet mercury CEMS adjusted readings are accurate enough to provide a sound basis for 
developing the mercury removal levels presented in this report. 

All mercury outlet CEMS readings presented in this report are adjusted mercury levels. 
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Baseline Mercury Removal 
The initial step in the test program was to establish baseline mercury and SO3 levels.  

Baseline native mercury removal across ESP 2 was less than 10% (Table 6, Figure 14).  The 
mercury measurements were performed using two Thermo CEMS, one at the inlet to ESP 2 
and one at the outlet of ESP 2, and confirmed using STM and Ontario Hydro (OH) 
measurements. 

Figure 14 is a compilation of the pre-baseline and baseline test mercury levels.  From 
the figure it is evident that 1) the native removal of the ash at Merrimack Unit 2 is low, 
generally running less than 10%; and 2) there was good correlation between the mercury 
CEM units, sorbent traps, and the Ontario Hydro runs.  Also of note are the low elemental 
levels of mercury.  Because MK2 has an SCR and tubular APH, the expectation was that the 
oxidized mercury would be the major component of the vapor-phase mercury.  At MK2, 
oxidized mercury consistently ran well above 80%. 

Two of the Ontario Hydro runs, one at the inlet and one at the outlet, are less than 
6 g/nm3 and lower than expected.  The test crew experienced equipment issues at the start 
of both of these runs, which may have introduced error into the measurement process.  
However, the tests were considered valid and point out the variability that can occur with 
these manual measurements. 

The removal data are supported by low mercury content in the fly ash samples, 
typically 10 ppb.  This translates to an estimated mercury concentration in the flue gas of 
nominally 0.1 µg/m3. 

Table 6.  Total Baseline Mercury Measurements. 

 Inlet (µg/m3) Outlet (µg/m3) 

Date and 
Time 

OHa STMa Coalb CEMb OHa STMa CEMb CEM 
Corrected 

10/05/06 
1410-1636 

7.4 7.3 8.4 8.1 4.5 7.1 9.8 8.1 

10/06/06 
0940-1154 

7.3 7.3 NA 8.5 6.9 6.6 9.7 8.0 

10/07/06 
0845-1159 

5.7 7.3 NA 7.1 7.4 7.7 9.7 8.0 

Average 6.8 7.3 NA 7.9 6.3 7.1  8.0 

Average Mercury Removal 7.3% 2.7%  0% 

a Ontario Hydro and STM measurements are g/dscm. 
b Thermo Fisher Scientific Hg CEM measurements are g/wscm.  Coal is calculated as g/wscm. 
c “CEM Corrected” indicates that a manual correction technique was applied because of a high bias 

on the Outlet mercury CEM. 
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Co-Benefits Analysis 
Full-scale testing has shown that SO3 significantly impacts the performance of 

activated carbons for mercury control.3  At MK2, there are two sources of SO3.  The first 
source is the normal production from coal combustion.  MK2 coordinates their test coal 
blend to maintain sulfur levels of approximately 1.2%.  About one percent of the coal-
released sulfur is converted through combustion to SO3.  The other source of SO3 is from the 
SCR.  When used to reduce NOx emissions from coal-fired power plants, SCR technology 
can result in a fraction of the SO2 in the flue gas being oxidized into SO3.  SO3 can adversely 
affect plant operations, which can lead to air heater fouling and/or ductwork surface 
corrosion.  Additionally, the presence of SO3 in the flue gas can lead to the formation of 
visible plumes.  As a result of the fouling issues, MK2 maintains a relatively high AH flue 
gas outlet temperature to prevent SO3 condensation.  However, the higher temperature flue 
gas impacts the ability of fly ash and injected PAC to remove vapor-phase mercury.3 

To minimize the SO3 production from the SCR, MK2 is replacing the current SCR 
catalyst beds with a newer catalyst that is designed to minimize the oxidization of SO2 to 
SO3.  Another means of reducing SO3 is to inject a sorbent into the flue gas that reacts with 
the SO3. 

Following baseline testing, tests were conducted to evaluate the effectiveness of 
alkaline sorbent injection for reducing SO3 and improving the performance of activated 
carbon for mercury removal.  Two sorbents were evaluated:  magnesium oxide (MgO) and 
sodium sesquicarbonate (trona).  Although the primary objective of the alkaline sorbent 
injection was to reduce SO3 to improve mercury capture by activated carbon, reducing SO3 
could provide a benefit to the plant of increasing overall efficiency by allowing the APH to 
operate with a lower cold-end average (CEA) temperature.  The impact on the ESP is 
discussed in the “Balance-of-Plant Impacts” section. 

Sorbent Selection 
MgO was selected for testing based on previous testing at Merrimack Station that 

indicated positive reduction in SO3 levels.  Trona was chosen as the second sorbent because 
it was a sodium-based compound that potentially had beneficial effects on ESP performance.  
Further comparison of MgO and trona includes a consideration of their properties and cost, in 
addition to their effectiveness at reducing SO3.  MgO is a dry sorbent with a relatively low 
density (25 lb/ft3).  As such, it is easily handled by standard bulk conveying equipment.  
MgO is specified to be delivered with a particle size under 5 microns.  The field test team 
observed that the material appears to agglomerate in transit, which could mean that the 
particle size delivered was larger than specified.  This could potentially explain the positive 
effects of milling MgO in April 2007.  An advantage of using MgO is that it does not limit 
the ability of the plant to reinject the MgO–fly ash mixture into the cyclone boiler 
combustion process for by-product sales.  Normal means of disposal and utilization do not 
have a low magnesium content limit. 

Trona is a dry sorbent with a higher density than MgO (75 lb/ft3).  Material of this 
density is more difficult for standard bulk conveying equipment and required either a system 
specifically designed for higher density material or 24-hour coverage of the standard system.  
As delivered, trona has an average particle size of 30 microns.  Decreasing particle size 
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would result in higher exposed surface area and hence increased surface capacity for 
adsorption.  Thus, some tests were conducted with reduced particle size, achieved by milling 
the material.  The trona injection contractor, O’Brien & Gere, selected a pin milling system 
capable of milling trona to below 15 microns.  The milling process transferred heat from the 
mill to the conveying system, resulting in trona buildup and the need to stop the mill and 
remove hardened deposits of trona every 12 hours.  Trona injection for SO3 control limits the 
options for ash by-product utilization because it increases the sodium content of the fly ash.  
Neither the trona nor the PAC can be reinjected back to the cyclones.  However, trona was 
less expensive than MgO to treat an equivalent amount of flue gas for SO3 mitigation. 

Lowered Flue Gas Temperature Tests 
On April 13, 2006, SO3 and mercury concentrations were measured at baseline 

conditions.  On the following day, flue gas temperatures were decreased by nominally 30 ºF 
by lowering the APH CEA.  There were two exceptions to normal operating conditions 
during the test: 

 The SCR setpoint was lowered from 0.35 lb NOx/MMBtu to as low as 0.15 lb 
NOx/MMBtu from 07:00 to 18:00 on April 13 due to an existing SCR operational 
concern.  The 0.15 lb NOx/MMBtu control point is a setpoint that is typically used, 
and is within SCR standard operational procedures.  Higher ammonia injection rates 
may lead to higher ammonia slip rates. 

 The fly ash reinjection system that usually operated was secured.  During normal 
operating conditions, mercury that was entrained in the fly ash might be released 
during the reinjection process, thus serving as an additional source of mercury to that 
present in the coal being burned concurrently. 
To determine whether lowering the temperature resulted in higher baseline mercury 

capture, the mercury measured in the coal was compared to the vapor-phase mercury 
measured at the stack and the mercury concentration of collected fly ash.  These results are 
shown in Table 7.  The data indicate that lowering the temperature did not result in an 
increase in the baseline mercury removal. 

Table 7.  Coal to Stack Mercury Removal at Normal and Low Temperatures. 

Mercury Balance for Testing 
  Coal Ash STM 

(stack) 
% Differential from 

Coal to Stack plus Ash 
Day 1 (4/13/06) 
Normal Temp lb/TBtu 5.32 0.05 5.61 -6.6 

Day 2 (4/14/06) 
Low Flue Gas Temp lb/TBtu 5.32* 0.04 6.28 -15.9 

*Coal mercury not analyzed for 4/14/06 sample.  The 4/13/07 value used for comparison. 

A potential co-benefit of reducing the temperature and SO3 levels was that the native 
mercury removal would increase.  This was not observed and of the potential causes for 
failure to increase the native capture of the MK2 system may have been that the overall SO3 
levels were still too high.  As discussed later in this report, measurements of SO3 using 
different measurement techniques suggest that the absolute level is between 10 and 20 ppm at 
baseline conditions. 
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Effect of Alkaline Sorbents on SO3 in Flue Gas 
In 2006, E.ON Engineering used a manual sampling method to measure vapor-phase 

SO3 at Unit 2.  The method was a modified Controlled Condensation Method, similar to EPA 
Method 8A, except that the impingers for measuring SO2 were not used, the dry gas meter 
was replaced by a wet gas meter, and a sampling ESP was used instead of a quartz filter.  The 
modifications were made to allow measurement in wet stacks or where reactive (alkaline) 
ashes might be present in the flue gas.  The ESP had a tubular design and was heated so that 
sulfuric-acid aerosols in the flue gas would evaporate in it and enter the impingers as gaseous 
SO3.  The impinger was analyzed for SO3, which was reported on a dry basis at 3% O2.  
Appendix N contains the full report. 

In 2008, Platt Environmental Services measured SO3 in the flue gas on Unit 2 during 
trona injection.  Measurement locations included SCR inlet, SCR outlet, air preheater outlet, 
ESP 1 outlet, and ESP 2 outlet.  The Consol Controlled Condensation Method4 was used to 
measure SO3 and SO2.  The flue gas passed through a hot, water-cooled condenser (140 ºF) 
loosely packed with quartz wool, and then through impingers in series that removed SO2 and 
subsequently SO3.  The quartz wool in the condenser was rinsed and analyzed for SO3 
(particulate SO3).  Gaseous SO3 was obtained from analyzing the impinger.  The flue gas O2 
concentration and the flue gas temperature were not recorded by Platt.  The measured SO3 
was reported on a dry basis at actual O2 concentration. 

In 2006 and 2007, Breen Energy Systems installed a modified dewpoint meter 
(AbSensor SO3), which records both the initial condensation temperature and the evaporation 
temperature of condensable vapors in the flue gas; these temperatures can be related to the 
SO3 concentration in the flue gas. 
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Table 8 presents the average SO3 concentrations as reported by E.ON during baseline testing 
(October 2, 2006) and injection of trona (October 31, 2006 and November 1, 2006).  The 
baseline SO3 concentration between the two ESPs (ESP 1 outlet) was in the range of 13 to 20 
ppmv SO3 (dry, at 3% O2).  Injection of 500 lb/hr of trona reduced the SO3 concentration 
between the two ESPs to 7 to 10 ppmv SO3 (dry, at 3% O2). With a lower SO3 concentration 
the CEA was able to be reduced, which resulted in a 20oF lower stack temperature.  
However, the lower flue gas temperature did not result in any additional reduction in SO3 
between the ESPs. 
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Table 8.  Average SO3 Concentrations Measured by Modified Controlled Condensation 
Method in 2006. 

Date Location 
Average 
Temp. ºF 

No. of 
Tests 

Avg. SO3, dry, 
ppmv at 3% O2 Comments 

10/02/06 APH outlet 344 12 12.9 Baseline 

10/02/06 ESP 1 outlet 331 7 15.2 Baseline 

10/02/06 ESP 2 outlet 327 7 13.9 Baseline 

10/31/06 ESP 1 outlet -- 3 14.8 Baseline 

10/31/06 ESP 1 outlet 334* 3 10.2 
500 lb/hr trona, normal 
CEA temperature 

11/01/06 ESP 1 outlet 326* 4 7.3 
500 lb/hr trona, normal 
temperature 

11/01/06 ESP 1 outlet 313* 2 8.8 
500 lb/hr trona, lower 
CEA temperature 

11/01/06 ESP 1 outlet 315* 6 8.5 
625 lb/hr trona, lower 
CEA temperature 

11/01/06 ESP 1 outlet 333* 2 20.2 Baseline 

* Stack temperature. 
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Table 9 shows the average SO3 concentrations as reported by Platt Environmental Services 
during injection on March 26–28, 2008.  Trona was injected downstream of the SCR 
(upstream of the APH).  Activated carbon was also injected between ESP 1 and ESP 2 during 
this time at a rate of 5 lb/MMacf.  The load on Unit 2 was kept steady at 336 MW during this 
time.  The average temperature at the APH exit was 334 ºF, which is similar to the “normal” 
CEA stack temperature for the 2006 SO3 measurements shown in 



 

Merrimack Final Scientific/Technical Report 36 
42780R12 

Table 8. 

The sum of the particulate and gaseous SO3 is reported in the table, averaged for each 
run.  The results in 
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Table 8 cannot be compared quantitatively to those in 
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Table 9 because the concentrations in the latter have not been corrected for the O2 content of 
the flue gas.  Qualitatively, however, the impact of trona injection on SO3 is similar in both 
sets of measurements.  During the 2008 manual SO3 sampling measurements, trona injection 
at 500 lb/hr resulted in SO3 concentrations decreasing from nominally 15 ppm to 9.5 ppm 
(dry, at actual O2), while 1000 lb/hr of trona injection reduced the SO3 concentration to 
nominally 5 ppm SO3 (dry, actual O2). 

One unexpected result was that the SO3 level measurement was lower at the SCR 
outlet compared to the inlet.  The sampling test team reported problems with this sampling 
location as the test was progressing, and thus the results at the SCR outlet are in error. 
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Table 9.  Average SO3 Concentrations Measured by Controlled Condensation Method 
in 2008. 

Date Location 
No. of 
Tests 

Avg. SO3, dry, 
ppmv at actual O2 Comments 

03/28/08 SCR inlet 3 16.4 500 lb/hr trona injection 

03/27/08 SCR outlet 3 14.2* 500 lb/hr trona injection 

03/27/08 APH outlet 3 10.6 500 lb/hr trona injection 

03/26/08 ESP 1 outlet 3 9.3 500 lb/hr trona injection 

03/26/08 ESP 2 outlet 2 9.5 500 lb/hr trona injection 

03/28/08 ESP 2 outlet 3 5.1 1,000 lb/hr trona injection 
* Measurement error 

Figure 15 is a comparison between the E.ON manual method and the Breen dewpoint 
measurement, where measurements were taken simultaneously in 2006.  The SO3 
concentration has been calculated from an assumed water content in the flue gas of 7.6 vol% 
using the standard formula.  Breen recommended using the average of the initial 
condensation (dewpoint or DP) temperature and the top temperature (or evaporation 
temperature).  This is shown in Figure 15, along with the SO3 concentration calculated only 
from the initial condensation temperature (at actual flue gas O2).  The SO3 concentrations 
from the manual method fall in between the two concentrations calculated from the dewpoint 
data.  There appears to be a correlation between the methods with R2 values of 0.85 and 0.83 
for the initial dewpoint and the average dewpoint, respectively. 
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Figure 15.  Comparison of Manual and Dewpoint SO3 Concentration (at actual O2) 
Measured at Exit of ESP 2. 
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Figure 16 and Figure 17 show the SO3 concentration during baseline and trona injection 
testing, respectively.  The Breen instrument appeared responsive to trona injection (Figure 17).  
The Breen instrument required that the instrument be removed from the flue gas on a frequent 
basis, especially while injecting trona or MgO, to clean the sensing lens.  The high peaks in the 
data in Figure 16 and Figure 17 are results of the Breen probe requiring cleaning after an 
injection period. 3 ( )

0

10

20

30

40

50

60

70

10/1/06 12:00 10/2/06 0:00 10/2/06 12:00 10/3/06 0:00 10/3/06 12:00 10/4/06 0:00 10/4/06 12:00

S
O

3 C
on

ce
nt

ra
tio

n 
[p

pm
v]

SO3 2 Probe Average (DP + TT)
SO3 2 Probe Average (DP Only)
SO3 APH Exit, Actual O2, E-On
SO3, Inter ESP, Actual O2, E-On
SO3, ESP Exit, Actual O2, E-On

No Operating Data
Available

SO3 (DP + TT)

SO3 (DP Only)

 
Figure 16.  SO3 Concentration Measured with the AbSensor-SO3 and Modified 
Controlled Condensation Method (actual O2) during October 2006 Baseline Test. 
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Figure 17.  SO3 Concentration (actual O2) during October and November 2006 Trona 
Injection. 
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Figure 18 shows a decrease in SO3 concentrations between the ESPs with the trona 
injection in 2006.  Trona injection was carried out at both normal cold-end average 
temperature and reduced temperatures, corresponding to stack temperatures of about 333 ºF 
and 315 ºF, respectively.  Trona injection reduced the SO3 concentration by 50% at 500 lb/hr 
injection rate and by 64% at 625 lb/hr injection rate. 
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Figure 18.  SO3 Measured with the Modified Controlled Condensation Method between 
ESPs (at 3% O2) as a function of Trona Injection Rate. 

The Breen dewpoint SO3 measurement initially appeared to correlate with the manual 
method, and responded to trona injection in the November 1, 2006, testing.  Subsequently, 
the instrument did not appear to respond to sorbent injection (November 2006 and January 
2007, respectively), nor did the calculated SO3 concentration appear to be reasonable.  The 
dewpoint monitor may have become fouled with some of the alkaline sorbent. 

Injection of MgO was carried out in October 2006 and February 2007.  Manual SO3 
measurements were not made during MgO injection.  During October, the Breen instrument 
showed a similar response to MgO injection.  During the February 2007 testing of MgO 
injection, the Breen SO3 measurements did not appear to be accurate. 
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Sorbent Screening Testing 
A sorbent screening device is designed to measure mercury uptake through a fixed 

bed over time.  The total mercury adsorbed by the sample over time gives an indication of 
how well a sorbent can be expected to perform in the sampled flue gas conditions.  The 
sorbents screened at MK2 were Norit’s DARCO® Hg, DARCO® Hg-LH, an experimental 
Norit carbon E25C, DARCO® Hg E-12, and Frontier GeoSciences FGS-1.  Two-hour 
screening tests were conducted using a modified procedure with respect to that described in 
Appendix G.  With this procedure, a small bed of the test material was inserted into the 
sample line of a Thermo analyzer.  These tests were conducted using the outlet CEM.  
Removal across the bed was then monitored real-time by the analyzer. 

Testing consisted of two to three sorbent screening tests per day while varying the 
parameters of flue gas temperatures and injection rates of MgO for SO3 mitigation.  A 
sorbent screen with DARCO® Hg-LH was run every day to establish a relative performance 
curve.  During October 16 to 18, 2006, the performance of Hg-LH varied with changing test 
conditions.  As expected, Hg-LH performed best at higher MgO injection rates and a lowered 
flue gas outlet temperature.  The high flue gas temperature had a greater impact on relative 
performance than the reduced injection rate of MgO.  Although the Frontier GeoSciences 
FGS-1 sorbent consistently demonstrated the best performance, it was not available in 
sufficient quantities for full-scale testing. 

A single screening test with DARCO® Hg-LH was conducted during trona injection 
on November 1, 2006.  The breakthrough time on the screening bed was approximately two 
hours.  The relatively long time for breakthrough suggests that dual injection with trona 
would enhance the performance capability of Hg-LH. 

Parametric Mercury Removal 
Parametric testing was performed in order to select sorbents that would later be tested 

for long-term sustainability.  One of the goals of the program was to assess new sorbents that 
were marketed as SO3-tolerant.  At the time of testing, Norit was the only sorbent 
manufacturer that was producing a sorbent identified as SO3-tolerant.  Previous DOE/NETL 
testing at AEP’s Conesville and Ameren’s Labadie plants had demonstrated that mercury 
removal was affected, sometimes significantly, as a result of SO3.3  At Conesville, where SO3 
levels were typically above 20 ppm, the effectiveness of sorbents for mercury control was 
limited with none attaining mercury removal of 30%.  Labadie has an SO3 injection system 
for flue gas conditioning and typically runs at 5 to 10 ppm.  During testing at Labadie, the 
Norit SO3-tolerant sorbent DARCO® E26 provided incrementally better mercury removal 
than standard sorbents. 

Based on the DOE test results from Conesville and Labadie, and the lack of any new 
SO3-tolerant sorbent development in the intervening months, the decision was made to 
proceed with the available sorbents.  The PAC sorbents selected for the parametric tests 
were: 

 Norit’s DARCO® Hg, a standard PAC 

 Norit’s DARCO® Hg-LH, a brominated PAC 
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 Norit’s DARCO® E26, a brominated SO3-tolerant PAC 
 Calgon’s FLUEPAC®-MC PLUS, a brominated PAC. 

The sorbents chosen included the standard PAC, Norit’s DARCO® Hg because of the 
high fraction of oxidized mercury at Merrimack (greater than 80%).  DARCO® Hg is more 
sensitive to high flue gas temperature than the brominated sorbents.3  Therefore, brominated 
sorbents from Norit and Calgon were included in the program.  DARCO® E-26 was included 
because of promising performance at Labadie. 

Excepting long-term sustainability, the co-benefit full-scale testing during October 
2006 had demonstrated that injection of alkaline sorbents could significantly reduce SO3 
levels, and sorbent screening during SO3 mitigation suggested improved mercury removal 
could be achieved with dual injection.  Malfunction of the trona injection system prior to 
scheduled parametric tests prevented dual injection testing.  While waiting for the trona 
injection system to be repaired, it was decided to begin parametric tests.  Two sorbents were 
selected:  DARCO® Hg-LH was evaluated on November 30 and DARCO® E-26 on 
December 1.  The results from these tests can be seen in Figure 19, which shows inlet and 
outlet mercury concentrations, mercury removal, and sorbent injection concentration.  At 
injection concentrations up to 8 lb/MMacf, neither sorbent was able to achieve greater that 
20% mercury removal.  These results confirmed previous testing results.  E-26 provided no 
benefit over the base brominated sorbent at SO3 flue gas levels greater than 10 ppm. 

Figure 20 presents data from a later parametric test period with dual injection.  These 
graphs include inlet and outlet mercury, mercury removal, and carbon injection concentration, 
and CEA temperature. 
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Figure 19.  Trend Data, Parametric Testing December 2006. 
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Figure 20.  Trend Data, Parametric Testing February 28, 2007. 

The performance of the PAC sorbents was affected by both the SO3 concentration and 
the outlet temperature of the APH.  The importance of temperature was identified by 
changing the set point for the APH CEA temperature.  Without modification of either the 
CEA temperature or the native SO3 concentration, the mercury removal was limited to less 
than 22% at injection concentrations up to 8 lb/MMacf for all sorbents tested. 

Because Norit was in the process of developing the E-26 sorbent, a second test was 
conducted with the sorbent produced using a different production process.  The injection 
location remained the same, but CEA temperatures were lowered by 30 ºF.  Vapor-phase 
mercury removal rates increased to approximately 30%.  The reduction in CEA without SO3 
mitigation is not a normal plant operating parameter and cannot be sustained, but occurred 
simultaneously with the second round of E-26 testing.  The increase in removal during 
testing with the second batch of E-26 was probably not due to the new production process, 
but to the decrease in temperature. 

Other DOE test sites have shown improved PAC performance when the PAC 
injection location was upstream of the APH and SO3 sorbent injection3.  It was of interest to 
determine if a similar benefit would be seen at MK2.  The injection location for PAC was 
changed to upstream of the APH, using the existing ports located for SO3 sorbent mitigation 
injection.  When corrected to stack temperature concentrations, the removal using Norit’s 
DARCO® Hg-LH was identical to the removal when injection was downstream of the APH.  
Vapor-phase mercury removal was 20% above baseline at approximately 8 lb/MMacf 
injection concentration. 
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Significant improvement in mercury removal effectiveness of PAC was achieved 
when the SO3 concentrations were lowered by sorbent injection.  As discussed earlier, two 
SO3 sorbents were tested during dual injection trials:  trona and MgO.  Testing showed that 
of the two SO3 mitigation sorbents, dual injection with trona appeared to be more effective at 
increasing the mercury removal effectiveness of PAC.  For example, when injecting 
DARCO® Hg-LH at 5 lb/MMacf, mercury removal with trona was more effective than MgO 
at a similar injection rate.  At normal CEA temperatures, 45% mercury removal was achieved 
using dual injection with trona versus 30% mercury removal with MgO injection.  Even 
higher mercury removal was achieved at a lowered CEA temperature—50% removal with 
dual injection of PAC and trona versus 40% removal with PAC and MgO injection.  These 
data are included in Figure 21, the summary of parametric testing. 
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Figure 21.  Summary of Parametric Test Results. 

The highest mercury removal achieved during parametric testing was 65% removal.  
This was achieved with dual injection of trona and DARCO® Hg at approximately 
8 lb/MMacf PAC, and lowered CEA temperatures.  Again, it should be noted that parametric 
testing is short-term only, and does not demonstrate long-term sustainability. 
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The injection of PAC upstream of the APH has been demonstrated as an effective 
means to increase mercury removal effectiveness at units that inject SO3 for flue gas 
conditioning or at plants with low levels of native SO3.3  Therefore, a test was conducted at 
MK2 to determine whether improved performance could be achieved by moving the injection 
location to upstream of the APH.  Moving the injection location did not result in improved 
mercury removal.  With injection concentrations approaching 12 lb/MMacf (corrected to 
stack temperatures), mercury removal did not reach 50%, as shown in Figure 22.  At an 
injection concentration of 12 lb/MMacf, PAC injection rates were close to 800 lb/hr.  This 
amount of injected PAC sorbent was both uneconomical and would have an impact on the 
quality and safety of the ash collection systems as discussed later in this report.  Note that the 
mercury removal for the APH inlet injection tests was estimated by calculating the change in 
the mercury concentration measured during testing compared to immediately prior to 
injection, or 8.3 µg/wscm.  This technique was necessary for these tests because the inlet 
mercury CEMS was located downstream of the PAC injection point. 
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Figure 22.  Hg-LH Injection Upstream of the APH Parametric Injection Results. 

Examination of the Hg CEM data revealed that the outlet mercury concentration 
gradually returned to pre-injection levels when PAC injection ceased.  The observed lag time 
was between 20 and 75 minutes.  This phenomenon has also been noted during parametric 
carbon injection tests at many other sites. 
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CFD Modeling Results 
REI modeled five sorbent injection design cases using CFD to assist the project team 

in assessing an effective mercury control scheme for MK2.  The complete CFD report is 
contained in Appendix H and is summarized here. 

Mercury removal can be estimated based on the assumed capacity of the activated 
carbon, the carbon loading, and the actual mercury concentration in the flue gas, assuming 
that there are no limitations on mixing or mass transfer.  The adsorption capacity can be 
estimated based on the surface area of the sorbent, the temperature, and the concentrations of 
HCl and SO3.  The maximum removal was predicted to be 67% at a sorbent injection of 
5 lb/MMacf and a sorbent capacity of 1249 µg/g.  This capacity corresponds to DARCO® Hg 
sorbent at 300 ºF with low SO3 in the flue gas.  The capacity of the sorbent imposes an upper 
bound on mercury removal at MK2.  Sorbent capacity could be increased by lowering the 
CEA temperature, by further lowering the SO3 in the duct, or by using a different sorbent. 

The best CFD modeling case predicted only 40% removal.  Limitations on mass 
transfer, on residence time, and on distribution of sorbent along the flue gas path could 
contribute to the difference between maximum and predicted removal. 

 For all cases, the predicted removal of Hg0 was higher than HgCl2, which suggests that 
mass transfer to the sorbent particle surface was a factor in the limitations on mercury 
sorption.  Reducing the mass mean diameter of the sorbent could produce 
improvement in mercury sorption. 

 Simulation of the gas velocity in the ductwork indicates that the flow rate at the 
outside of the first turn after ESP 1 is higher than at the inside of the first turn, a 
finding that continued through the transitional duct (Figure 23). 

 Simulation of the distribution of injected sorbent indicates that particle residence times 
are 3 to 4 seconds.  Sorbent is more concentrated and particle residence time is longer 
on one side of inlet to the Supplemental ESP.  Uniformity could be improved by 
biasing sorbent flow to select ports. 

 The turning vanes in the transitional duct limit the mixing of the sorbent across the 
width of the duct.  The gap between the lowest injection nozzle and the floor of the 
duct results in little sorbent in the region that is two to three feet from the bottom of 
the duct. 

Based on the model results, it was recommended that additional injection ports near 
the outside wall and floor of the outlet plenum of ESP 1 be installed.  Another injection port 
(number 45 in Figure 2) was installed to improve sorbent dispersion. 
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Figure 23.  Velocity Distribution in Transition Duct. 

Continuous Dual Injection for Mercury Removal 
During balance-of-plant tests conducted prior to the mid-April 2007 plant outage, an 

evaluation of continuous dual injection of sorbents for mercury control (DARCO® Hg-LH 
and DARCO® Hg ) and SO3 mitigation (MgO and trona) was undertaken.  Parametric testing 
had demonstrated that short duration, dual injection of trona and PAC was superior to MgO 
and PAC for mercury removal from the flue gas.  Further testing was required to provide a 
more comprehensive assessment of the dual injection sorbent combinations. 

An initial test run was made with milled MgO (injected upstream of the APH) and 
DARCO® Hg (injected between the two ESPs).  The results, presented in Figure 24, 
indicated that injecting 2.5 lb/MMacf milled MgO with 5 lb/MMacf DARCO® Hg resulted in 
nominally 35% to 40% mercury removal.  Although a direct comparison of unmilled MgO 
and DARCO® Hg was not conducted to determine the effectiveness of milling, and indirect 
comparison was possible through comparisons with previous data.  Previous test results with 
DARCO® Hg and DARCO® Hg-LH showed that the brominated DARCO® Hg-LH slightly 
outperformed DARCO® Hg.  In addition, previous results with unmilled MgO and 5 
lb/MMacf DARCO® Hg-LH resulted in 30% mercury removal.  Therefore, it appears that 
milling the MgO favorably impacted mercury removal.  This result was unexpected because 
MgO is relatively small, less than 20 microns, and the milling was done with a pin mill, 
which should not have reduced the size of the MgO significantly below 20 microns.  
However, the milling process increases the conveying air, which may have resulted in better 
distribution within the duct upstream of the APH.  Thus, it is not clear whether the improved 
performance is a result of milling, deagglomeration of the delivered product, or a change in 
distribution of the MgO in the duct. 
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Figure 24.  MgO–PAC Continuous Injection Results, Day 1. 

During dual injection with MgO, opacity quickly increased to unacceptable levels.  
MgO appeared to cause a degradation of the ESP power levels, which dropped significantly 
from an average of 15kW to an average of 5 to 7 kW.  During the second day of milling 
MgO, it was not possible to maintain PAC and MgO injection concentrations from the 
previous day due to degradation of the power levels of ESP 1.  With a milled MgO injection 
concentration of 2 lb/MMacf instead of 2.5 lb/MMacf resulted in less than 30% mercury 
removal at a DARCO® Hg injection at 5 lb/MMacf.  Although SO3 was not measured during 
this test, the data suggest through the reduction in PAC effectiveness more SO3 was present 
in the flue gas.  A trend graph showing mercury and sorbent injection concentrations is 
presented in Figure 25. 
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Figure 25.  MgO–PAC Continuous Injection Results, Day 2. 

Injecting milled MgO was not sustainable because of the impact on opacity.  Thus, 
subsequent tests were conducted with unmilled MgO. 

MgO injection continued for a week while separate tests were conducted with 
DARCO® Hg and DARCO® Hg-LH.  Less than 40% mercury removal was achieved, which 
is within the expected levels based on parametric results.  These results are presented in 
Figure 26.  Mercury removal was calculated as the change in outlet mercury CEM 
measurements with supporting data from sorbent trap measurements because the inlet CEM 
was out of service during this test.  Coal mercury numbers were also used to check inlet 
mercury concentrations. 
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Figure 26.  MgO–PAC Injection Results, April 2007 

Following testing with MgO, the plant injected trona continuously for several days.  
PAC sorbents were more effective during co-injection with trona, which suggested that trona 
was more effective than MgO at SO3 removal.  Since trona had a relatively large delivered 
particle size, 35 microns, milling was expected to increase the efficiency of trona even 
further.  In addition, as was described with the MgO tests, more conveying air used to carry 
the milled trona may have resulted in better distribution of the milled trona.  During this 
round of tests, trona was injected upstream of the APH, milled to less than 15 microns, and 
the unmilled DARCO® Hg-LH was injected in between ESP 1 and ESP 2.  In addition, the 
APH CEA temperature was reduced 30 ºF for comparison with previous parametric testing. 

Dual injection of milled trona and DARCO® Hg-LH over a period of 36 hours 
exceeded the mercury removal performance of the MgO or unmilled trona.  A trend graph 
showing test results is presented in Figure 27 and a comparison of test results using several 
sorbent combinations is presented in Figure 28.  However, this operating condition was not 
sustainable at MK2 because of operational issues: 

1) plugging in the pin mill and 

2) an increase in the pressure drop across the APH. 
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A pin mill was used to grind the trona to a smaller size.  Pin mills heat the material 
being ground.  Heating trona created a sticky deposit that required the operators to shut down 
the mill and clean the internal components.  Once the trona enters the duct, it reacts with flue 
gas SO2 and SO3.  If the concentration of trona is too low, sodium bisulfate, a sticky 
substance, can form.  This is a particularly challenging issue to manage at MK2 because 
existing ports were used to inject trona and the distribution was not fully optimized.  In 
addition, the plant uses a tubular APH that does not have the same self-cleaning performance 
as a regenerative-style APH. 
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Figure 27.  Milled Trona–PAC Injection, April 2007. 
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Figure 28.  Comparison of Parametric Test Results of Mercury Removal at MK2. 

As can be seen in Figure 28, the mercury removal achieved during milled trona 
injection was higher than that achieved with unmilled trona injection.  The milling 
demonstration was run for 36 hours, with several stops to repair/maintain the milling system 
for the trona.  However, air heater pluggage concerns, and the fact that long-term milling of 
trona was not sustainable, led to the team’s decision that trona milling was not a currently 
viable option for commercial mercury control at PSNH MK2. 

Long-Term Mercury Removal 
Long-term testing was scheduled to begin early in July 2007.  Three separate issues 

arose that caused a delay in the scheduled start:  1) unacceptable opacity levels during 
sorbent injection, 2) unresolved problem of how to make use of fly ash containing PAC and 
trona, and 3) DOE-allocated funds for this phase of the project were reduced from that in the 
original awarded budget. 

The first item to impact the start date was the inability to control opacity when 
injecting either trona or PAC during the initial long-term testing tests.  This arose as the final 
checkout was occurring for the newly installed commercial silo.  During the last week of 
June and the first week of July 2007, every attempt to start either PAC injection or trona 
injection was met by an increase in stack opacity.  Several test runs were performed to rule 
out that injection modifications to the PAC and/or the SO3 silo were the cause.  The plant had 
repaired the tubular APH during the scheduled maintenance period in April–May 2007. 
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The second issue to impact long-term testing was the negotiations between PSNH and 
the end user of the ash by-products from PSNH.  The injection of either trona or PAC 
reduces the options available to the plant for beneficial ash utilization and MK2’s location in 
the northeastern portion of the United States further limits options.  As such, PSNH explored 
alternative ash utilization avenues before it procured and installed an ash conditioning unit 
that allowed the utilization of ash for the duration of testing and beyond. 

The third issue was the reduction in the project budget by DOE.  The originally 
proposed extended test period of six months was reduced to a target two-month test. 

During an outage following tests in January 2008, smoldering PAC–ash mixture was 
discovered in the ESP 2 hoppers.  Before the long-term tests could be restarted after the 
January 2008 outage, a plan to address APH differential increase and smoldering ash was 
developed.  The plan to manage APH differential increase was to reduce the risk to plant 
operations by conducting the tests just prior to a scheduled outage.  Knowing an outage was 
imminent, it was possible to allow the pressure differential to increase to normally 
unacceptable levels.  To prevent buildup of PAC–ash in the hoppers, PAC injection would be 
stopped 24 hours prior to the scheduled shutdown to allow the ESP 2 hoppers to empty into 
the ash storage silo and minimize the chances of any substantial volumes of PAC–ash being 
exposed to transient conditions during a shutdown. 

Long-term testing was restarted on March 12, 2008.  Trona injection was set at 
500 lb/hr and PAC injection at 300 lb/hr.  Manual testing was performed the week of 
March 24 and included EPA M5 particulate measurements, M26A halogen measurements, 
EPA M8A Controlled Condensation measurements of SO3 concentrations, modified M30A 
validations of the inlet and outlet mercury CEM measurements, and modified M30B sorbent 
traps.  On March 28, 2008, the trona injection rate was increased from 500 to 1000 lb/hr, to 
assess the ability to lower SO3 levels in the flue gas and any impact on APH differential 
pressure.  On the final day of PAC injection, March 31, the injection rate was increased for 
the last three hours of testing from 300 to 400 lb/hr (4.5 to 6.0 lb/MMacf) to determine if a 
higher rate would increase mercury removal.  Trona injection was stopped on April 1, 2008. 

November–December 2007 
Long-term testing began on November 30, 2007.  During the first few days of this test 

period, trona was injected for SO3 control at a rate of 625 lb/hr (9.3 lb/MMacf APH outlet 
equivalent) and DARCO® Hg-LH for mercury control was targeted at a rate of 400 lb/hr 
(6 lb/MMacf).  Due to opacity issues, the initial PAC injection rate was lower than the target 
rate of 6 lb/MMacf (400 lb/hr), running at approximately 4 lb/MMacf for the first three days 
of testing.  Trona was injected between the SCR and the APH via four lances (two per side 
wall).  PAC was injected between the Original and Supplemental ESPs via five ports, each 
with two lances that had multiple vertical holes to cover the 25-foot-deep duct. 
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When the PAC injection concentration was increased to 6 lb/MMacf, mercury 
removal initially spiked to 70%, as shown in Figure 29, but began to decline.  Back pressure 
on the PAC eductors began to increase on December 12, and soon after, the lances were 
incapable of continuous injection.  On December 13, 2007, PAC injection was interrupted 
when the injection lances plugged. 

PAC injection lances had been installed since October 2006.  In April 2007, the 
lances were replaced when the small DOE-style PAC silo was replaced with a large 
commercial silo.  During this change out, some lower injection ports on the lances were 
observed to be partially plugged, but the interior of the lances was clear.  The initial lances 
were operated intermittently prior to this point for approximately 25 days.  In between 
parametric injection sessions, the lances were left installed with no conveying air.  After the 
silo change out, the lances were inspected in October 2007 and partially cleaned due to build 
up.  After that cleaning, the lances were left with PAC conveying air left on continuously.  
The PAC lances were pulled the week of December 31, 2007.  Inspection revealed that they 
were plugged. 

To prevent plugging, the PAC injection lances were modified to an open-ended, 
single nozzle style from the multi-nozzle design.  To evaluate whether this new design 
provided adequate distribution of PAC, a short test with PAC only was conducted on January 
9, 2008. 

Trona injection alone continued until December 27, 2007, when it was determined 
that the APH differential pressure was increasing at an unacceptable rate.  Trona injection 
was reestablished on January 18 to evaluate whether increasing or decreasing trona injection 
rates would affect the rate of increase of APH differential pressure.  Trona injection was held 
steady at approximately 500 lb/hr and then decreased to 300 lb/hr on January 21.  Long-term 
testing was restarted on January 23, 2008.  At this time, trona injection was increased to 600 
to 700 lb/hr and PAC injection was set at 300 lb/hr (4.5 lb/MMacf).  Due to increasing APH 
differential pressure, trona injection was lowered to 500 lb/hr on January 29, 2008.  On 
January 31, 2008, testing was ceased due to a plant outage.  During the outage, it was 
discovered that the PAC–ash mixture in the ESP 2 hoppers was smoldering.  This issue is 
discussed later in this report under the heading “Ash/Carbon/Trona Auto-Ignitioin Test 
Results.” 

In Figure 29, it can be seen that the inlet CEM also failed on December 12, 2007.  
The inlet analyzer was returned to service during the week of December 17, 2007.  Prior to 
the inlet CEM coming off-line, the average mercury capture was 48% and increased to an 
average of 55% during the interval of higher PAC injection. 
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Figure 29.  Long-Term Testing, December 2007. 

January 2008 
One day of PAC-only injection testing was conducted on January 9, 2008, to test the 

new PAC injection grid.  Total vapor-phase mercury removal was limited to 20%, which was 
similar to PAC-only injection testing in December 2006.  It is difficult to determine whether 
the PAC distribution was retained with the new lance design at these low removal conditions.  
Additionally, opacity spiking occurred with a PAC injection concentration of 6 lb/MMacf. 

When long-term testing was resumed, PAC injection had to be limited to 
4.5 lb/MMacf or lower for the rest of the tests to limit particulate emissions.  During this 
time, trona injection was operated at 700 lb/hr (10.4 lb/MMacf) and APH differential 
pressure continued to increase.  With this trona injection rate and the highest PAC injection 
concentration (4.5 lb/MMacf), mercury removal was limited to less than 50%, as shown in 
the trend graph in Figure 30.  Due to increasing APH differential pressure, trona injection 
was lowered to 500 lb/hr on January 29, 2008.  On January 30, 2008, testing was halted due 
to a plant outage. 
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Figure 30.  Long-Term Testing at MK2, January 2008. 

The post-shutdown inspection revealed that two of the four trona injection lances 
were plugged.  During the previous shutdowns, the trona injection system was placed in 
standby, which resulted in areas of stagnant, unheated flue gas in the lances, a prime 
condition for deposition to occur.  It is possible that the lances were partially plugged 
throughout the January tests.  Moreover, existing ports had been used and these did not 
provide optimal lance placement for sorbent distribution.  Thus, the trona dispersion was 
biased to the top half of the SCR outlet duct.  These conditions would have exacerbated 
problems with increasing pressure drop across the APH and resulted in poor SO3 removal 
near the lower half of the duct.  Lower than expected SO3 removal in portions of the duct 
would have contributed to the lower PAC mercury removal effectiveness observed during 
this test period. 

March 2008 
The primary goal of the final weeks of testing was to conduct dual injection 

continuously for two to three weeks to obtain longer-term data for DOE/NETL, industry, and 
PSNH.  A trend graph showing available mercury measurements along with trona and PAC 
injection concentrations during this period is presented in Figure 31. 
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Figure 31.  Mercury Removal Trends for March 2008. 

On March 28, 2008, the trona injection rate was increased from 500 to 1000 lb/hr to 
determine impact on both 1) the mercury removal effectiveness of the PAC (lower SO3 
levels) and 2) the APH differential pressure.  The increased mercury removal effectiveness of 
the PAC as a function of trona injection is apparent in both Figure 31 and Figure 32 as an 
increase in mercury removal from 50% at 500 lb/hr trona to an average of 71% at 1000 lb/hr 
trona at a DARCO® Hg-LH injection concentration of 4.5 lb/MMacf.  These short-term 
results show that optimizing the trona injection lances for better distribution could improve 
both SO3 and mercury removal, but the data are insufficient to determine long-term balance-
of-plant impacts or sustainability.  During this test period, SO3 measurements were 
conducted.  The results from these tests are summarized in the “Co-Benefits Analysis” 
section. 

Variation in the mercury removal while injecting trona at a target rate of 1000 lb/hr 
can be attributed to variations in the actual trona injection rate.  The trona silo was a test unit 
that had a rotary valve at the bottom of the silo to control feedrate.  The rotary valve speed 
was controlled by frequency, not loss in weight.  Therefore, as the silo level decreased, the 
rate of discharge for the trona dropped.  An increase in mercury removal can be seen when a 
load of trona was delivered on Friday, March 28, 2008, and again Sunday, March 30, 2008, 
even though the feedrate setting was not changed.  With a full silo, calibrations showed that 
trona injection was 1000 lb/hr.  This injection rate held for approximately 24 hours and then 
began to decrease.  As the silo emptied, the actual trona injection rate dropped to 
approximately 800 lb/hr, which adversely affected mercury removal, presumably due to an 
increase in SO3 levels. 
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PAC injection was increased for the last three hours of testing on March 31 from 300 
to 400 lb/hr (4.5 to 6.0 lb/MMacf) to determine if higher injection rates would increase 
mercury removal.  A slight increase was seen coincident with the increased injection rate (see 
Figure 32); however, the increase was well within the variability observed during the higher 
trona injection rate period.  PAC injection was stopped at 1:00 p.m. on March 31, 2008.  
Trona injection was stopped at 2:00 p.m. on April 1, 2008.  The data are insufficient to 
determine long-term balance-of-plant impacts or sustainability. 
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Figure 32.  Mercury Measurements for March 28–April 1, 2008. 

Collecting data on mercury levels for an extended test period required obtaining 
reliable CEM measurements.  Even though the inlet CEM was located downstream of ESP 1, 
it was challenged by the high SO3 concentrations and particulate loading.  Previous testing at 
PSNH and at other sites with different instruments in similar flue gas conditions confirms 
that this flue gas is very challenging for any mercury monitor.  Although the Thermo 
mercury CEM outperformed the other monitors in reliability and maintenance requirements, 
the test team was unable to collect reliable mercury measurements over an extended period. 

Both the inlet and outlet CEMS failed calibration and were not operational on the first 
day of testing, March 12, 2008.  PSNH was performing testing for the New Hampshire 
HB1673, which provided EPA M29 and EPA M30B mercury measurements prior to and 
after the start of injection.  ADA-ES was also measuring total vapor-phase mercury via 
sorbent traps.  The outlet CEM was returned to service on March 13, the inlet CEM on 
March 22.  As can be seen in Figure 31, the outlet CEM functioned for the majority of the 
test.  The figure also indicates that mercury removal gradually increased before leveling off 
at approximately 50% at a trona injection rate of 500 lb/hr (7.4 lb/MMacf) and a DARCO® 
Hg-LH injection rate of 4.5 lb/MMacf.  There was an 18-hour gap in injection on March 18 
because of a late arrival of a trona shipment, but other than that, continuous dual injection 
over a period of 20 days was achieved. 
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A prototype CEM system configured as an Instrumental Reference Method (IRM) 
according to requirements identified in EPA Method 30A was used to verify the Thermo 
mercury CEMS.  Variations from the actual method included the location of the tests (in a 
duct instead of the stack) and not performing a dynamic spike calibration of oxidized 
mercury. 

Actual measurements during the tests are presented in Figure 33 (inlet) and Figure 34 
(outlet) and show that there was good correlation between the IRM and the inlet CEM, with a 
difference of only 4.4% and 5.8% on the two days, respectively.  The outlet measurements 
also showed good correlation, with a deviation of 5.6%.  These numbers fall well within the 
required accuracy requirements for validation of +/- 20% for a mercury monitor. 
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Figure 33.  Inlet Mercury IRM-CEM Comparison. 
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Figure 34.  Outlet Mercury IRM–CEM Comparison. 

Sorbent traps were also used during dual injection testing to measure total vapor-
phase mercury in the flue gas. The results are summarized in Table 10. 

Table 10.  Comparison of STM, IRM, and CEM Measurements during Extended Dual 
Injection Testing at MK2. 

 Trona PAC Inlet of ESP 2 
(µg/wscm) 

Outlet of ESP 2 
(µg/wscm) 

% 
Removal 

Date and Time (lb/hr) (lb/ 
MMacf) STMa IRMb CEMb STM IRM CEM (CEM) 

12/04/07, 10:30 500 1.3 NA NA 4.61 6.56 NA 3.08 33 
12/04/07, 14:31 500 1.3 6.08 NA 4.54 NA NA 3.36 26 
12/04/07, 16:33 500 1.3 8.89 NA 4.68 NA NA 3.45 26 
03/27/08, 15:16 500 4.5 NA NA 8.13 5.26 3.33 3.16 61 
03/28/08, 16:23 1000 4.5 9.09 NA 7.95 NA NA 1.95 76 

a STM is an average of two trap measurements run at the same time.  Values assume 10% moisture. 
b IRM and CEM are hour averages corresponding to the same time period as the STM was run.  The outlet 

CEM value has been corrected using a bias correction technique for March. 

The mercury removal performance results from the continuous injection tests are 
shown for comparison with the earlier test sequences in Figure 35 and mercury removal 
results from MK2 with other published data from tests on bituminous coals with high SO3 
concentrations are compared in Figure 36. 
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Figure 35.  Mercury Removal Comparison of Different Test Sequences at MK2. 

 
Figure 36.  Comparison of Merrimack Mercury Removal Rates with Other Sites. 
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Ash–Carbon–Trona Auto-Ignition Test Results 
During the January 2008 post-shutdown inspection, smoldering PAC–ash was 

discovered in the hoppers of ESP 2.  Parametric testing may have been too short in duration 
to reveal this side effect previously.  Smoldering PAC–ash mixtures have been reported in 
the hoppers of systems in the TOXECON™ baghouse and occur when mixtures with a high 
percentage of PAC are left in a hot hopper for an extended period.5,6  Although this 
phenomenon has not been reported with an ESP particulate collection system, laboratory 
studies indicate that fly ash containing high concentrations of PAC may begin to smolder if 
heated.6  In these studies, the PAC DARCO® Hg (carbon content of 75%) was mixed with fly 
ash from Presque Isle Power Plant (PIPP) Units 7–9 ESP (LOI < 1%) to form mixtures that 
varied in carbon content.  The various mixtures were placed in test beds of different 
diameters and heated until the mixture ignited.  The results are summarized in Figure 37 and 
Figure 38.  For a given test mixture, critical oven temperature decreases as bed diameter 
increases.  For a given bed diameter, critical oven temperature decreases as carbon content 
(given by % LOI) increases.  In general, shorter bed diameter mixtures tend to ignite sooner 
than longer ones.  Although not shown here, the results from these studies indicate that once 
auto-ignition begins, very high temperatures can be reached. 
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Figure 37.  Relation between DARCO® Hg PAC–Ash Mixture Bed Diameter and 
Critical Oven Temperature for Auto-Ignition. 
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Figure 38.  Relation between DARCO® Hg PAC–Ash Mixture Bed Diameter and 
Induction Time for Auto-Ignition. 

As is discussed further in the following section, ash analysis was conducted on 
samples collected from the ESP hoppers at MK2 to determine the carbon content.  The 
average carbon content (as measured by % LOI) of ash samples collected from the ESP 
hoppers during baseline conditions and during continuous dual injection of PAC and alkaline 
sorbents is presented in Table 11.  These results show that the carbon content of the ESP 2 
hopper ash could have been as high as 40%.  During dual injection, an alkaline sorbent was 
injected upstream of ESP 1 (AH) while PAC was injected between the ESPs. 

Table 11.  Comparison of Average Carbon Content of Ash Samples from Original 
(ESP 1) and Supplemental (ESP 2). 

 ESP 1 ESP 2 

Baseline 2006 16.93 ± 5.12 20.52 ± 5.97 

Baseline 2007 4.98 ± 3.13 7.91 ± 2.40 

Trona/Hg-LHa 16.37 ± 4.9 40.16 ± 9.51 

MgO/Hgb 14.37 ± 4.06 22.81 ± 6.92 
Note:  Carbon content is measured using a loss on ignition (LOI) analyzer. 
a Samples from extended continuous dual injection tests of trona and DARCO® Hg-LH in late 2007 

and 2008. 
b Samples from continuous dual injection tests of MgO and DARCO® Hg in March–April 2007. 
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The notable difference in average carbon content of ash samples collected during 
baseline conditions in 2006 and 2007 may be attributed to different combustion parameters 
employed during the plant during these times.  Despite the differences, it is clear that the 
average carbon content of ash samples collected during dual injection testing was higher in 
samples collected from ESP 2 than from ESP 1.  This increase can be attributed to PAC 
injection as most of the fly ash has been collected upstream of the PAC injection location. 
The cyclone boiler configuration at MK2 captures the majority of the ash as bottom ash.  The 
Original (ESP 1, upstream) ESP removes greater than 90% of the remaining fly ash. 

Although four PAC–ash samples from ESP 2 had an LOI of greater than 50% (the 
maximum was 56%), flue gas temperatures were lower than those determined as critical for 
auto-ignition during the laboratory studies.  Moreover, ash samples taken during testing 
exhibited no signs of overheating, smoldering, or sparklers.  Thus, something outside of 
normal operations may have generated conditions that gave rise to the smoldering PAC–ash 
mixture discovered in January 2007.  For example, it is possible that smoldering started when 
oxygen levels increased to 21% during cool down. 

Another factor that may have influenced the initiation of auto-ignition of the PAC–
ash mixture was the injection of trona upstream of the ESPs.  Reactions between flue gas and 
the sodium sorbent could take place in the PAC–ash–sodium mixture, including the 
decomposition of sesquicarbonate to bicarbonate and hydration reactions, both of which are 
exothermic.  These reactions could increase the “bed” temperature of the mixture.  A 
summary of separate laboratory tests to evaluate the effect of trona on auto-ignition 
temperatures of PAC–ash–trona mixtures is included here. 

Effect of Trona on Auto-Ignition Temperatures 
This section summarizes laboratory testing to date to evaluate the effect of trona on 

auto-ignition temperatures of PAC–ash–trona mixtures performed for EPRI under a separate 
contract.  The key goal of the project is to determine if trona reactants will have an effect on 
the auto-ignition properties of PAC–ash mixtures. 

Based on the work started under the Clean Coal Program Initiative project at PIPP, 
ADA-ES performed a series of tests in the laboratory to determine if trona reactants 
(primarily sodium carbonate) would lower the auto-ignition temperatures of the ash from a 
combined PAC and trona injection scenario.  The initial test mixture was created by mixing 
the PAC DARCO® Hg (75% carbon) with fly ash from PIPP Units 7–9 ESP (LOI < 01%), 
and decomposed trona.  The ratio of the mixture was: 

 50% from PAC 

 30% ash (contribution from PIPP ESP ash and from PAC) 

 20% decomposed trona 

Trona from 2007 testing at PIPP was used to create the sodium carbonate that would 
typically be found in ash from trona injection.  The trona was heated in an oven at 350 ºF for 
48 hours to allow complete reaction from the sesquicarbonate form to sodium carbonate.  
This material was pulverized and mixed with PAC and ash from the PIPP ESP, the same 
blend used in all the tests to date. 
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This mixture was tested in 4-inch and 6-inch beds and the auto-ignition characteristics 
compared with PAC-only and PAC–ash mixtures from PIPP.  These initial tests were 
performed with room air and no additional moisture so that a direct comparison with data 
from PIPP could be obtained.  In order to predict the auto-ignition temperatures for two bed 
sizes with 50% carbon, the two equations for the curves from the 75% carbon PAC and 43% 
carbon PAC–ash tests were used. 

The results from the initial tests can be seen in Figure 39.  The predicted critical 
temperatures for a 50% carbon mixture were 509 ºF for the 4-inch bed and 469 ºF for the 6-
inch bed.  The actual critical temperature for a 50% carbon mixture of PAC–ash–trona for the 
4-inch bed was 498 ºF and 467 ºF for the 6-inch bed.  These temperatures were slightly lower 
than the predicted temperatures but were not significant enough to make a conclusion that the 
reacted trona affects the auto-ignition temperature. 
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Figure 39.  Bed Size Versus Critical Oven Temperature. 

Additional tests were completed to test the same mixture and bed sizes, but with the 
addition of air into the oven containing 10% moisture to determine if any heat of hydration or 
adsorption will affect the auto-ignition temperature.  There was not a statistical impact on the 
auto-ignition temperature due to the addition of moisture. 

Characterization of Process Solids and Liquids 
Several types of process samples were collected during mercury control testing at 

Merrimack.  Analyses conducted included ultimate, proximate, mercury, and chlorine for 
select coal samples; mercury analyses of most of the fly ash samples collected; and stability 
determinations of select fly ash samples through leaching tests and thermal desorption tests.  
The LOI carbon content of several ash samples was also determined. 
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Coal Analysis 
Coal samples were collected throughout the test period.  Analyses included ultimate 

(45), proximate (13), chlorine (7), mercury (51), and elemental (11).  The coal quality 
throughout the program was fairly consistent.  The results of coal analyses for a subset of 
nine samples where both ultimate and proximate tests were conducted are shown in Table 12.  
As shown, all results except mercury are fairly consistent for these samples. 

Table 12.  Results from Select Coal and Ash Analyses. 
ID  5531 6544 6786 6814 6945 12195 12199 12207 12331 

Date  04/13/06 10/05/06 10/14/06 10/19/06 10/31/06 03/12/08 03/13/08 03/27/08 03/28/08 
Ash wt% 7.35 7.30 6.50 5.91 8.41 7.21 7.79 6.88 7.31 

S wt% 1.40 1.85 1.07 0.96 1.26 1.28 1.33 1.41 1.35 
C wt% 77.95 80.05 80.55 80.96 77.36 77.76 77.43 78.25 77.87 
H wt% 5.11 4.93 5.02 4.96 4.85 4.91 4.71 4.88 4.93 
N wt% 1.45 1.31 1.35 1.28 1.44 1.46 1.49 1.46 1.45 
O wt% 6.74 4.56 5.51 5.93 6.68 7.38 7.25 7.12 7.09 

           
HHV BTU/lb 13959 14173 14276 14220 13803 13812 13828 13974 13895 

           
Cl ppmd 822 812 NA NA NA 838 894 901 855 
Hg ng/g 74.3 86.5 91.7 62.2 103.0 61.2 67.3 89.2 68.2 
Hg lb/TBtu 5.32 6.10 6.42 4.37 7.46 4.43 4.87 6.38 4.91 

Note:  All results are on a dry basis. 

The variation in mercury concentration in the coal is presented in Figure 40.  As 
shown, the mercury is typically between 4 and 8 lb/TBtu.  However, there were periods with 
significantly more variation, such as in late January 2007.  Two Unit 2 coal samples were 
collected per day from January 28–31.  These were analyzed for mercury and a proximate 
analysis was conducted.  These results are presented in Table 13.  There was also variability 
in the coal sulfur levels (1.38 wt% to 2.29 wt%, dry), but not to the extent of mercury 
variability (63.1 to 207 ng/g). 
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Figure 40.  Mercury in Coal Samples Collected During Program. 

Table 13.  Coal Ultimate and Mercury Analyses, January 28–31, 2007. 
ID  7890 7891 7892 7893 7596 7597 7600 7601 

Date  01/28/07 01/28/07 01/29/07 01/29/07 01/30/07 01/30/07 01/31/07 01/31/07 

  Unit 2 Sys2 
AM 

Unit 2 Sys2 
PM 

Unit 2 Sys2 
AM 

Unit 2 Sys2 
PM Unit 2 AM Unit 2 PM Unit 2 AM Unit 2 PM 

Ash wt% 9.36 6.96 7.95 8.12 8.13 7.77 6.81 7.98 
S wt% 1.50 1.38 1.84 1.80 2.10 2.29 1.50 2.16 
C wt% 76.04 77.74 77.09 76.88 76.71 76.55 79.33 76.63 
H wt% 4.80 5.02 5.03 4.98 5.01 5.05 5.01 4.92 
N wt% 1.15 1.15 1.19 1.18 1.19 1.21 1.15 1.20 
O wt% 7.59 7.92 7.22 7.36 7.28 7.45 6.47 7.32 

Hg ng/g 70.5 63.1 91.3 207 118 168 174 130 
Note:  All results are on a dry basis. 

During the tests at the end of January, no PAC was injected and little mercury 
removal was expected.  The coal mercury compared to the STM measurements at the stack 
and the CEM measurements at the inlet are presented in Figure 41.  The outlet CEM was not 
functioning properly during this period and no outlet CEM data are available for comparison.  
As shown, the coal mercury matches the STM measurements at the stack.  The CEM 
concentration is up to 25% different from the coal and STM measurements.  The test log 
indicated that there were some operational problems with the inlet CEM at this time that may 
have contributed to the discrepancy.  
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Figure 41.  Comparison of Coal, STM, and CEM measurements. 

Coal analyses are used when converting mercury measurements made by the CEM in 
g/dsm3 to lb/TBtu.  This calculation is per the methodology described in Appendix Q. 

Carbon and Mercury in Ash 
The carbon content of several ash samples collected at MK2 was analyzed by 

comparing the weight difference between a dried sample and a sample heated to 800 ºC for 
two hours.  This is the typical technique used to measure unburned carbon and it is reported 
here as LOI in reference to the analysis technique.  For samples containing activated carbon, 
the value is a measure of both the unburned carbon and the activated carbon injected into the 
system.  For very low levels of carbon, there can be a difference between the actual carbon 
content measured with a carbon analyzer and the change in weight from combustion using an 
LOI analysis.  The carbon content of most samples evaluated from MK2 testing was well 
above this level and an LOI analysis should be a good representation of the carbon content of 
the ash. 

Samples from hoppers within the same ESP field were typically combined for 
analysis.  Analysis of samples indicates that the carbon content was considerably higher in 
the samples collected during baseline conditions in 2006 and those collected during baseline 
conditions in 2007 in both ESP 1 and ESP 2 (Figure 42 and Figure 43, respectively).  Owing 
to this difference, it is difficult to compare carbon content of samples collected during 
baseline conditions and those collected during continuous injection of either trona or MgO 
upstream of ESP 1.  However, it is clear that samples collected from ESP 2 during dual 
injection of trona upstream of ESP 1 and PAC in between the ESPs had significantly 
increased carbon content compared to those collected during either baseline period.  As can 
be seen in the figures, carbon content was not uniform across a row of hoppers. 
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Samples taken from hoppers beneath each row of ESP 1:  Row A–Inlet; C–Outlet.  Alkaline sorbent injected 
upstream of ESP 1; PAC injected downstream. 

Figure 42.  Fly Ash Carbon Content (% LOI) during Baseline, Continuous Injection of 
DARCO® Hg-LH and Trona, and Continuous Injection of DARCO® Hg and MgO. 
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Samples taken from hoppers beneath both rows of ESP 2 (ESP 2):  Row 1–Inlet, 2–Outlet.  Alkaline sorbent 
and PAC injected upstream of ESP 2. 

Figure 43.  Fly Ash Carbon Content (%LOI) during Baseline, Continuous Injection of 
DARCO® Hg-LH and Trona, and Continuous Injection of DARCO® Hg and MgO. 

Some forms of LOI carbon can be effective at mercury capture.  When large 
variations in LOI exist, large fluctuations in the fractions of vapor- and particulate-phase 
mercury may result.  In addition to carbon content, fly ash samples were analyzed for 
mercury concentration.  The variation in mercury concentration relative to carbon content 
during the baseline tests is shown in Figure 44 and during the continuous dual injection in 
Figure 45.  Most of the ash is collected in ESP 1.  During dual injection, PAC was injected 
between the two ESPs.  While the mercury concentrations are high in the downstream ESP 
(ESP 2), the ash in these hoppers represents a small fraction of the total ash and would have 
contained a high percentage of PAC. 
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Figure 44.  Fly Ash Carbon Content (%LOI) Versus Mercury in Fly Ash in Samples 
Collected during Baseline Testing in 2006 and 2007. 
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Alkaline sorbents injected upstream of ESP 1; PAC injected between the ESPs; Original ESP:  ESP 1-A inlet, 
ESP 1-C outlet; Supplemental ESP:  ESP 2-1 inlet; ESP 2-2 outlet. 

Figure 45.  Fly Ash Carbon Content (%LOI) Versus Mercury in Fly Ash in Samples 
Collected during Continuous Injection of DARCO® Hg-LH and Trona, and Continuous 
Injection of DARCO® Hg and MgO. 

Leaching Stability 
As part of the coal by-product analysis, select ash samples collected during the 

baseline and long-term testing phases were tested to determine the stability of mercury, 
bromine, arsenic, selenium, chlorine, and fluorine.  Three leaching procedures were 
conducted:  Method 1311, Toxicity Characteristic Leaching Procedure (TCLP); the Synthetic 
Groundwater Leaching Procedure (SGLP); and the Synthetic Precipitation Leaching 
Procedure (SPLP).  The TCLP procedure measures potential metal mobility in a sanitary 
landfill.  Only As, Hg, and Se were analyzed using the TCLP procedure. 
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The TCLP extraction fluid recipes were developed by computer modeling to simulate 
a worst-case scenario where the waste is co-disposed with municipal solid waste.  For highly 
alkaline samples, a solution with a pH of 4.93, buffered using sodium hydroxide is used.  
TCLP is the only leaching procedure approved for characterizing hazardous waste under the 
Resource Conservation and Recovery Act (RCRA). 

The TCLP results from fly ash samples collected throughout the testing period are 
presented in Table 14.  Except for one instance, pH tended to decrease in samples collected 
from hoppers further downstream. 

The SGLP procedure was developed by Hassett at EERC to better simulate the pH of 
groundwater to determine if mercury will leach from the samples under conditions designed 
to simulate actual field conditions, and addresses the incorporation of species into insoluble 
molecular matrices in a more static and arid environment .  The SGLP consists of a 100-g 
sample dissolved into 2000 milliliters of distilled de-ionized water (or synthetic ground 
water) to achieve a liquid-to-solids ratio (L/S) of 20:1.  The sample is rotated end-over-end, 
at 30 revolutions per minute, for 18 hours.  The leachate is then filtered to remove all solids 
greater than 0.45 micrometers.  For 30-day samples, the above treatment process is repeated.  
The SPLP procedure is similar except the pH of the solution is adjusted to 4.20 ± 0.05 by 
adding drop wise a 60/40 weight percent mixture of sulfuric and nitric acids prior to the 18 
hour mix. 

The SGLP samples were collected during the long-term tests that ended prior to the 
2008 spring outage at Merrimack.  Due to the high sodium content caused by trona injection 
during long-term testing, fly ash from both precipitators was sequestered in a dedicated silo, 
conditioned in a pug mill for volume reduction, and trucked to a landfill.  Therefore, a 
composite sample was created by combining fly ash taken from both the original and 
supplemental ESPs.  The results for fly ash are presented in Table 15.  An analysis of each 
element contained in the sample is included as “Total in Sample,” along with the percent of 
each element leaching from the sample.  Because mercury concentrations were below the 
detection limit of the primary analysis laboratory, SGLP samples were sent to Frontier 
GeoSciences, Inc., for a trace level mercury analysis.  The mercury concentrations were 
0.091 mg/L in the baseline sample and 25.2 x 10-6 mg/L in the leachate samples.  A very 
small amount of arsenic leaching was measured, but a significant fraction of the halogen and 
selenium leached from the sample.  For every element tested, quantities were higher after the 
30-day leach relative to the 18-day leach. 
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Table 15.  SGLP Results from Merrimack (mg/L) during Long-Term Testing while 
Injecting Carbon Upstream of ESP 2; Trona Upstream of APH. 

Test Period Long-Term Hg-LH 
Trona 

ID 12261 

Location ESP 1/ESP 2 
Comp 

Date 03/29/08 

 
Total in 
Sample 
(μg/g) 

Total in 
Sample 
(mg/L) 

18-Hour 
(mg/L) 

30-Day 
(mg/L) 

% of 
Total in 
Sample 
18-Hour 

% of 
Total in 
Sample 
30-Day 

As 170 8.5 0.27 0.58 3.2 6.8 

Hg 1.82 0.091 < 5.49E-06 25.2E-06 < 0.006 0.03 
Se 50 2.5 0.98 1.55 39 62 
Br 710 35.5 16 17 45 48 
Cl 3400 170.0 150 150 88 88 
F 470 23.5 10 12 42 51 

The SPLP samples were collected during parametric testing in July 2007 under 
similar conditions as the long-term tests:  trona injection upstream of the APH and Hg-
LH injection upstream of ESP 2.  The results for fly ash collected in ESPs 1 and 2 are 
presented in Table 16 and Table 17 respectively.  An analysis of each element contained 
in the sample is included as “Total in Sample,” along with the percent of each element 
leaching from the sample.  SPLP leachate solutions were sent to Frontier GeoSciences, 
Inc., for a trace level mercury analysis. 

For all elements included in the analysis except chlorine, the concentration was 
higher in the ash sample containing activated carbon (ESP 2).  A significant fraction of 
the halogens leached from the ash collected in both ESP 1 and ESP 2; however, the 
fraction of chlorine and fluorine leaching from the sample containing Hg-LH was much 
lower (ESP 2 compared to ESP 1).  This is also true for selenium, where more than 60% 
leached from the ash collected in ESP 1 and less than 0.5% from the ash collected in 
ESP 2.  The presence of activated carbon also resulted in a lower fraction of arsenic 
leaching from the ash sample (more than 4% compared to less than 1%).  Very little 
mercury leached from either sample, and a lower fraction leached from the sample 
containing activated carbon (less than 0.03% from ESP 1 and less than 0.003% from 
ESP 2). 
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Table 16.  SPLP Results from Merrimack ESP 1 (mg/L) during Parametric Testing 
while Injecting Carbon Upstream of ESP 2; Trona Upstream of APH. 

Test Period Original ESP Ash with Trona 

ID 9517 

Location ESP 1 

Date 07/13/07 

 Total in 
Sample 
(μg/g) 

Total in 
Sample 
(mg/L) 

18-Hour 
(mg/L) 

30-Day 
(mg/L) 

% of 
Total in 
Sample 
18-Hour 

% of 
Total in 
Sample 
30-Day 

As 170 8.5 0.36 0.62 4.2 7.3 

Hg 0.166 0.0083 2.11E-06 1.57E-06 0.03 0.02 
Se 16 0.8 0.49 0.68 61 85 
Br 60 3 1.26 1.37 42 46 
Cl 2300 115 116 114 101 99 
F 120 6 2.05 3.26 34 54 

 

Table 17.  SPLP Results from Merrimack ESP 2 (mg/L) during Parametric Testing 
while Injecting Carbon Upstream of ESP 2; Trona Upstream of APH. 

Test Period Supplemental ESP Ash + Hg-LH 

ID 9518 

Location ESP 2 

Date 07/13/07 

 Total in 
Sample 
(μg/g) 

Total in 
Sample 
(mg/L) 

18-Hour 
(mg/L) 

30-Day 
(mg/L) 

% of 
Total in 
Sample 
18-Hour 

% of 
Total in 
Sample 
30-Day 

As 660 33 0.23 0.04 0.7 0.1 

Hg 2.04 0.1015 3.30E-06 1.67E-06 0.003 0.002 
Se 120 6 < 0.01 0.02 < 0.2 0.3 
Br 1600 80 64.32 36.56 80 46 
Cl 1000 50 16 16 32 32 
F 760 38 0.58 6.82 2 18 
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Halide Measurements 
To determine the halogen and hydrogen halide concentration in the flue gas, triplicate 

runs of the EPA Method 26a were conducted at the inlet of ESP 1 and at the stack during 
baseline testing (October 2006) and during continuous injection of DARCO® Hg-LH and 
trona (March 2008).  The full M26a test reports are included in Appendices N and O, with 
the former conducted in 2006 by Air Sampling Associates and the latter in 2008 by 
Eastmount Environmental Services.  Results are summarized in Figure 46.  No Br2 was 
detected during baseline testing.  No data are available for Cl2 and Br2 during the dual 
injection long-term testing. 

HCl measurements indicated that the average HCl emissions increased 11% from the 
inlet to the outlet during baseline testing and 35% during continuous dual injection.  The 
average HF emissions also increased from the inlet to the outlet during baseline and long-
term testing.  Since chlorine and fluorine were not being added to the system, these data are 
questionable.  HCl emissions at the inlet to ESP 1 differed by 36% between the baseline and 
long-term measurements.  The HF concentration also increased from baseline to long-term 
testing (154%) at the inlet to ESP 1 during long-term testing compared to baseline.  For 
reference, there was approximately 758 µg/g Cl in the coal sampled during baseline testing 
and 839 µg/g Cl during long-term testing. 

The average HBr emissions increased 17% from the inlet to the outlet during baseline 
testing and 407% during long-term testing, from 509 lb/TBtu at the inlet of ESP 1 to 
2,582 lb/TBtu at the stack.  There was also an increase in HBr emissions (26%) at the inlet to 
ESP 1 during long-term testing compared to baseline.  The PAC injected during the dual 
injection continuous test period was treated with bromine compounds.  The increase in HBr 
could be a result of a fraction of the bromine compounds released from the sorbent particle 
once injected into the flue gas stream. 

HCl HBr HF Cl2 Br2
Inlet Baseline 30,385 403 1,217 129
Outlet Baseline 33,771 472 3,379 253
Inlet Long Term 41,386 509 3,093
Outlet Long Term 55,768 2,582 3,766
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Figure 46.  Results of EPA Method 26A Measurements during Baseline and Long-Term 
Testing. 
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Balance-of-Plant Impacts 
This project included an evaluation of the effects of the dual injection process on 

plant operations.  The evaluation focused on the collection efficiency and operation of the 
ESPs and opacity levels and is presented here.  The sorbents for SO3 mitigation were injected 
upstream of the APH.  The impact of these alkaline materials on the differential pressure 
across the APH is also discussed here.  The effectiveness of these materials for reducing SO3 
levels in the flue gas is discussed in the “Co-Benefits Analysis” section.  The sorbents for 
mercury control were primarily injected between the two ESPs.  The performance of these 
sorbents has been discussed earlier.  An unexpected balance-of-plant impact was the 
occurrence of smoldering PAC–ash in ESP 2 hoppers.  This issue is discussed separately in 
the “Ash–Carbon–Trona Auto-Ignition Test Results” section. 

Effect of Sorbents on APH Differential Pressure 
The APH differential pressure at MK2 is a long-standing concern for PSNH.  MK2 

operates with a tubular APH without soot blowers.  The tubular design decreases flue gas 
velocity (i.e., increases transit time) through the APH and has a slower flue gas quench rate 
than a regenerative APH.  During full load conditions, approximately 6700 lb/hr of fly ash 
transits the APH.  At lower temperatures, SO3 can combine with ammonia slip from the SCR 
system to form ammonia bisulfate, which can deposit on heater surfaces and cause plugging 
and an increase in pressure differential.  Throughout the test period, increases in APH 
differential pressure were observed during injection of trona.  In the available public 
documentation on hot-side trona injection, testing has been performed with a regenerative 
APH.  These previous tests with a regenerative APH did not show any appreciable increase 
in APH differential pressure due to trona injection provided that the plant avoided the 
formation of sodium bisulfates.  Some plants had to modify the original design to increase 
the soot blowing across the APH to prevent degeneration of the APH (temperature and 
differential pressure), probably due to the formation of bisulfates.  This section focuses on 
changes in APH differential pressure observed during the continuous dual injection tests. 

For the four-month period prior to the initial phase of continuous dual injection 
testing in late November, the mean APH differential pressure was 6.91 ± 0.17 in. w.c.  Figure 
47 shows a plot of APH differential pressure and load for the trona injection period, from 
November 30 to December 27, 2007.  For most of this time period, trona was injected at 
550 lb/hr.  As can be seen in the figure, the APH differential pressure gradually increased 
during the injection period.  During the final week of testing (December 23–27, 2007), the 
mean differential pressure had increased to 7.71 ± 0.52 in. w.c. 
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Figure 47.  APH Differential Pressure during Trona Injection, December 2007. 

Trona injection was reestablished on January 18 to evaluate whether increasing or 
decreasing trona injection rates would affect the rate of increase of APH differential pressure.  
Trona injection was held steady at approximately 500 lb/hr and then decreased to 300 lb/hr 
on January 21.  As seen in Figure 48, there was no significant change in the APH differential 
pressure rate of change relative to trona injection concentration.  Observations during the 
December 2007 test period, however, suggest that sustained changes in APH differential 
pressure may result after prolonged injection.  Thus, the relatively short-term test of the 
effects of different injection rates may not reflect changes that would be observed during a 
longer test period. 
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Figure 48.  APH Differential Pressure during Trona Injection, January 2008. 



 

Merrimack Topical Report 82 
42780R12 

As discussed previously, the inspection following the January 2008 shutdown 
revealed that half of the trona injection lances were plugged, which in turn likely resulted in 
biased SO3 removal.  The unexpected APH differential pressure increase observed in 
December 2007 and January 2008 may have been partially the result of the biased sorbent 
dispersion leading to the formation of bisulfates in the low-trona-concentration regions of the 
flue gas flow that would stick to the APH surfaces. 

In an effort to identify the cause of the APH differential pressure increase, samples of 
the buildup on the APH surfaces were removed for analyses.  Initial results identified the 
presence of bisulfate deposition.  Further analysis is required to determine whether the 
bisulfates are sodium or ammonia based.  In either case, the biased trona distribution may 
have increased the rate of deposition on the APH tubes. 

A plot of APH differential pressure, load, and sorbent injection rate during the final 
phase of continuous dual injection in March 2008 is shown in Figure 49.  During the two 
days prior to injection, the mean APH differential pressure was 7.81 ± 0.14 in. w.c.  During 
the initial injection period (March 12–17, 2008), there was little change in the mean 
differential pressure (7.80±0.25 in. w.c.).  However, as can be seen in the figure, the 
differential pressure began to increase after trona injection was restarted on March 18.  From 
March 26 until the injection rate increased on March 28, the mean differential pressure was 
8.53 ± 0.14 in. w.c. and did not change significantly during the remaining four days of the 
test at double the rate of trona injection. 
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Figure 49.  APH Differential Pressure During Trona Injection, March 2008. 

Effect of Sorbents on ESP Operations 
ESP parameters were not logged automatically during the test program.  During 

baseline and parametric test periods, ESP data (including spark rate and power) were taken 
manually several times a day, with more frequent visual checks if parameters appeared to be 
changing.  Sorbents for SO3 mitigation were injected upstream of ESP 1 (see Figure 3 for a 
schematic of the ESP 1 TR sets.)  SO3 concentration affects the resistivity of the fly ash and 
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the resulting behavior of the ESP as ash is collected.  The effect of SO3 on resistivity trends 
towards zero as the temperature approaches 350 ºF, with an insignificant effect at 
temperatures greater than 350 ºF.  Although temperatures at the inlet to ESP 1 were not 
collected consistently, temperatures taken upstream at the outlet to the APH suggest that flue 
gas temperatures were generally less than 350 ºF. 

The relative difference in the average spark rate during sorbent injection compared to 
the average spark rate during baseline conditions for the electrical fields of ESP 1 is shown in 
Figure 50 and Figure 51 for trona and MgO, respectively.  Although there is considerable 
variation in the data, these figures suggest that sorbent injection tends to slightly decrease 
spark rate relative to baseline conditions.  However, examination of the spread of the raw 
data suggests that neither MgO nor trona had a significant impact on ESP spark rate at the 
injection rates tested.  For example, during base conditions TR set C-north had a mean spark 
rate of 33.6 ± 11.82 sparks per minute and during MgO injection at a rate of 35 lb/hr, the 
mean was 44 ± 1, and during injection of trona at 600 lb/hr the mean rate was 38.3 ± 4.51. 
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Figure 50.  Relative Difference in Spark Rate in Original ESP during Trona Injection 
(TR Sets A-Inlet, C-outlet). 
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Figure 51.  Relative Difference in Spark Rate in ESP 1 during MgO Injection (TR Sets 
A-Inlet, C-Outlet). 

A reduction in power was noted on several TR sets of ESP 1 during sorbent injection.  
This is shown in Figure 52 and Figure 53, where the data are presented as a percent of 
baseline power, for the injection of trona and MgO, respectively.  In general, reduction in 
power levels tends to be less during the injection of trona than MgO at the injection rates 
tested. 
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Figure 52.  Relative ESP Power during Trona Injection (TR sets of ESP 1:  A-Inlet, C-
Outlet). 
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Figure 53.  Relative ESP Power during MgO Injection (TR Sets of ESP 1:  A-Inlet, C-
Outlet). 

Effect of Sorbents on Stack Opacity 
Addition of particles to the flue gas upstream of the ESPs can affect the performance 

of the ESPs and the resulting particulate emissions.  During the injection of both SO3 
remediation sorbents (trona, MgO) and activated carbon, the stack opacity was measured. 

During MgO injection, stack opacity increased (Figure 54), although not consistently.  
In the October 2006, testing (up to 180 lb/hr) opacity increased from about 11% to about 
17% at normal cold-end average temperature (~ 333 ºF stack temperature), although there 
was considerable scatter in the opacity data.  Lowering the temperature (~ 315 ºF stack 
temperature) decreased the opacity at 180 lb/hr injection from about 17% to about 13%.  In 
the February 2007 testing, however, MgO injection did not markedly alter opacity, and the 
opacity was lower overall than in the October 2006 testing. 
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Figure 54.  Stack Opacity as a Function of MgO Injection Rate. 

Injection of trona, in contrast to MgO, had much less effect on stack opacity, as 
shown in Figure 55.  Opacity increased from about 11% to about 13% at a trona injection rate 
of 625 lb/hr.  At 500 lb/hr there did not appear to be a significant impact on opacity.  There 
was little effect of temperature on the opacity during trona injection. 
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Figure 55.  Stack Opacity as a Function of Trona Injection Rate. 

Activated carbon injection could also have an effect on opacity, since carbon 
particles can be difficult to collect.  Figure 56 shows that at normal stack temperatures, 
both DARCO® Hg-LH and DARCO® E-26 injection resulted in increases in opacity.  
Injection of DARCO® E-26 at lower temperature, however, had little impact on opacity.  
Injection of DARCO® Hg-LH upstream of the APH did not result in a significant increase 
in opacity, presumably because most of the carbon was caught in ESP 1, thus reducing the 
added burden on ESP 2. 
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Figure 56.  Stack Opacity as a Function of Activated Carbon Injection Rate. 

Particulate Emissions 
Results from EPA Method 17 tests conducted during baseline conditions (October 

2006) at the inlet to ESP 1 indicated average particulate loading of 1.28 gr/dscf, while those 
at the stack averaged 0.05 gr/dscf, for a particulate removal of 96%.  A different testing firm 
conducted EPA Method 5 tests during continuous dual injection of DARCO® Hg-LH and 
trona in March 2008 at the same locations.  The results of these tests indicated average 
particulate loadings of 1.35 gr/dscf and of 0.01 gr/dscf at the inlet and outlet, respectively, for 
a particulate removal of 99%.  These data suggest that dual injection of Hg-LH and trona did 
not adversely impact particulate emissions.  The full M17 and M5 test reports are included in 
Appendices N and O. 

Ash Sales 
Prior to testing, fly ash that was not reinjected in the boiler was disposed of at the 

Carbon Burn-Out (CBO) unit located at the Brayton Point Station.  The CBO operates at 
approximately 1200 ºF, which implies that the mercury captured by the PAC would be driven 
off the Merrimack fly ash stream in the CBO.  There is testing at a CBO to support the 
recapture of mercury during the cool down of the flue gas at the exit of the stream, but it was 
a complication for the CBO utilization.  An additional problem was the addition of trona into 
the fly ash stream at PSNH.  Trona, due to its sodium content, prevents the reinjection of fly 
ash into the boiler as well as the easy disposal of fly ash to the CBO unit.  Trona also impacts 
the usability of the fly ash stream in land reclamation projects due to sodium concentrations.  
Thus, an alternative means of disposal was required during testing.  During the course of 
testing, PSNH acquired an ash-conditioning unit that allowed the utilization of ash for the 
duration of testing and beyond.  The pretreatment of the fly ash allowed the most cost-
effective means of beneficial land fill use. 
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ECONOMIC ANALYSES 
This section omits consideration for resolution of balance-of-plant concerns, and is 

therefore theoretical.  After completion of testing and analysis of the data, the requirements 
and costs for full-scale, permanent commercial implementation of the necessary equipment 
for mercury control using sorbent injection technology at the 336-MW Merrimack 
Generating Station Unit 2 were determined.  The cost of process equipment sized and 
designed based on the long-term test results for approximately 50% mercury control, and on 
the plant-specific requirements (sorbent storage capacity, plant arrangement, retrofit issues, 
winterization, controls interface, etc.) has been estimated.  The system design was based on 
the criteria listed in Table 18. 

Table 18.  System Design Criteria for Mercury Control System at Merrimack Unit 2 
(6.0 lb/MMacf Injection, 70% Mercury Control.) 

Parameter Activated Carbon Trona 

Number of silos 1 1 

Number of injection trains 2 operating, 1 spare 2 operating, 1 spare 

Design feed capacity/train (lb/hr) 1000 1000 

Operating feed capacity/train (lb/hr) 660 660 

Sorbent storage capacity (lbs) 200,000 450,000 

Conveying distance (ft) 250 150 

Sorbent DARCO® Hg-LH Trona 

 Aerated Density (lb/ft3) 18 49 

 Settled Density (lb/ft3) 28 69 

 Particle MMD (microns) 18 34 

The estimated uninstalled cost for both an activated carbon and a trona injection 
system and storage silo for the 336-MW Unit 2 is $1,255,000 each.  Costs were estimated 
based on a long-term activated carbon injection concentration of 4.5 lb/MMacf and trona 
injection concentration of 7.5 lb/MMacf.  For Merrimack Unit 2, this would require an 
injection rate of nominally 300 lb/hr for activated carbon and 500 lb/hr for trona at full load.  
Assuming a unit capacity factor of 85% and a delivered cost of $1.05/lb for DARCO® Hg-
LH sorbent and $0.105/lb for trona, the annual sorbent cost for injecting both sorbents into 
the existing ESP would be about $2,346,000 for DARCO® Hg-LH  and $387,000 for trona, 
for a total of about $2,733,000.  This corresponds to a nominal sorbent cost of $21,450 per 
pound of mercury removed (50% mercury removal). 

Results from the field tests conducted to date indicate that different levels of mercury 
removal can be achieved depending on the air pollution control equipment and different flue 
gas conditions.  Data collected from the Phase I DOE tests at E.C. Gaston Generating Plant 
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indicate that mercury removal levels of up to 90% were obtained with COHPAC® (a 
baghouse installed downstream of an ESP) and DARCO® Hg sorbent injection.  At Pleasant 
Prairie, 50–70% removal while injecting DARCO® Hg was the maximum achievable 
mercury control, with the configuration of an ESP collecting PRB ash.  At Brayton Point, 
mercury removal levels of up to 90% were obtained with an ESP collecting bituminous ash 
with DARCO® Hg sorbent injection.7,8  DOE Phase II testing at Holcomb showed mercury 
removal levels of 90% were obtained with an SDA and FF while injecting DARCO® Hg-
LH.9  Data from Merrimack and six other sites are summarized in Table 19. 

Table 19.  Summary of Mercury Removal Efficiencies and Costs for Different APC 
Configurations, Coals, and Sorbents. 

Plant APC 
Equipment 

Coal Sorbent Removal 
% 

Sorbent Cost 
(mills/kWh) 

Gaston COHPAC® Bituminous DARCO® Hg 90 0.43 

Pleasant Prairie ESP PRB DARCO® Hg 67 1.2 

Brayton Point ESP Bituminous DARCO® Hg 90 2.4 

Holcomb SDA + FF PRB DARCO® Hg-LH 90 0.44 

Meramec ESP PRB DARCO® Hg-LH 90 0.74 

Independence ESP PRB DARCO® Hg-LH 80 1.14 

Merrimack ESP Bituminous DARCO® Hg-LH 
with trona 50* 1.10 

* Mercury removal was not sustainable with the installed test equipment at Merrimack because of 
balance-of-plant issues. 

The results from Merrimack indicate that mercury removal was not sustainable due to 
balance-of-plant impacts when using 4.5 lb/MMacf DARCO® Hg-LH in combination with 
7.5 lb/MMacf trona.  The sorbent costs for this removal level were 1.10 mills/kWhr.  Costs 
shown in Table 19 are specific to sorbent and do not include equipment O&M.  Higher 
mercury removal was achieved at times during testing at Merrimack and if engineering issues 
can be resolved, and the PAC injection ratio can be increased, it may be possible to achieve 
higher mercury removal. 

System Description 
The permanent commercial activated carbon injection system for Merrimack Unit 2 

will consist of two bulk storage silos, one for activated carbon and another for trona.  Each 
silo will have three dilute-phase pneumatic conveying systems.  DARCO® Hg-LH sorbent 
will be received in 40,000-pound batches delivered by self-unloading pneumatic bulk tanker 
trucks.  The silo is equipped with a pulse jet type bin vent filter to contain dust during the 
loading process.  The silo is a shop-built, dry-welded tank with three mass flow discharge 
cones equipped with air fluidizing pads and nozzles to promote sorbent flow.  Point level 
probes and weigh cells monitor sorbent level and inventory.  Silo sizing was based on the 
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capacity to hold approximately five truckloads of DARCO® Hg-LH sorbent, sufficient for 17 
days of operation at the design injection rate.  The silo for trona storage is designed to match 
the activated carbon silo and has a capacity to hold approximately 28 days worth of material 
at the design injection rate. 

The sorbent is fed from the discharge cones by rotary valves into feeder hoppers.  
From the hoppers the sorbent is metered into the conveying lines by volumetric feeders.  
Conveying air supplied by regenerative blowers passes through a venturi eductor, which 
provides suction to draw the sorbent into the conveying piping and carry it to distribution 
manifolds, where it splits equally to multiple injection lances.  The blowers and feeder trains 
are contained beneath the silo within the skirted enclosure. 

A programmable logic controller (PLC) is used to control all aspects of system 
operation.  The PLC and other control components will be mounted in a NEMA 4 control 
panel.  The control panel, motor control centers (MCCs), and disconnects will be housed in a 
prefabricated power and control building located adjacent to the silo. 

Cost and Economic Methodology 
Costs for the sorbent storage and injection equipment were provided by ADA-ES 

based on the design requirements in Table 18.  ADA-ES has built and installed many similar 
systems at coal-fired power plants for mercury control.  Estimated costs for the distribution 
manifold, piping and injection lances, installation man-hour and crane-hour estimates, and an 
estimate for foundations including pilings are also included.  As construction costs are rising 
rapidly, these costs are tentative and very dependent upon local labor conditions as well as 
current national demand for related equipment. 

EPRI TAG methodology was used to determine the indirect costs.  A project 
contingency of 15% was used.  Since the technology is relatively simple and well proven on 
similar scale, the process contingency was set at 5%.  Based upon requested guarantee 
language, that contingency may increase to cover anticipated risks for a newer technology.  
ACI equipment can be installed in a few months; therefore, no adjustment was made for 
interest during construction, a significant cost factor for large construction projects lasting 
several years. 

Operating costs include sorbent costs, electric power, operating labor, maintenance 
(labor and materials), and spare parts.  An average incremental operating labor requirement 
of one hour per day per injection system was estimated to cover the incremental labor to 
operate and monitor the ACI and trona injection systems.  The annual maintenance costs 
were based on 5% of the uninstalled equipment cost. 

Levelized costs were developed based on a twenty-year book life and are presented in 
constant dollars. 
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Capital Costs 
The uninstalled activated carbon and trona storage and feed equipment costs are 

estimated at $1,255,000 for each system for a total of $2,510,000.  The estimated cost for 
each sorbent injection system and storage silo installed on the 336-MW Unit 2 is $2,082,000 
for a total of $4,164,000 for both systems and includes all process equipment, foundations, 
support steel, plant modifications utility interfaces, engineering, taxes, overhead, and 
contingencies.  The capital and O&M costs are summarized in Table 20 with no ash disposal 
costs included. 

Table 20.  Capital and Operating & Maintenance Cost Estimate Summary for 
Activated Carbon and Trona Systems on Merrimack Unit 2.  Annual Basis 2008. 

Capital Costs Summary Hg-LH Trona TOTAL 

Equipment, FOB Merrimack  $1,075,000   $1,075,000   $2,150,000  

Site Integration (materials and labor)  $180,000   $180,000   $360,000  

Installation (ACI silo and process equipment, 
foundations)  $220,000   $220,000   $440,000  

Taxes (6%)  $75,000   $75,000   $150,000  

Indirects/Contingencies  $532,000   $532,000   $1,064,000  

Total Capital Required  $2,082,000   $2,082,000   $4,164,000  

$/kW $ 6.22 $6.22 $12.43 

Operating and Maintenance Costs Summary 

Sorbent @ $1.05/lb Hg-LH; $0.105/lb trona  $2,346,500   $387,000   $2,733,500  

Power, labor, maintenance  $126,000   $126,000   $252,000  

Variable O&M for 2008 ($/kW) $7.81 $1.17 $8.98 

Variable Mills/kW-hr 1.05 0.16 1.21 

Operating and Levelized Costs 
The following analysis is solely theoretical due to AH fouling and smoldering PAC 

precluding sustainable long-term operation.  With the exception of the waste disposal costs 
that are discussed below, and balance-of-plant concerns, the most significant operational cost 
of sorbent injection for mercury control is the DARCO® Hg-LH sorbent.  Sorbent costs were 
estimated for an average of 50% mercury control based on the long-term sorbent injection 
concentration of 4.5 lb/MMacf for activated carbon and 7.5 lb/MMacf for trona.  For 
Merrimack Unit 2, this would require an injection rate of nominally 300 lb/hr of activated 
carbon and 500 lb/hr of trona at full load.  Assuming a unit capacity factor of 85% and a 
delivered activated carbon cost of $1.05/lb and trona cost of $0.105, the twenty-year 
levelized annual cost of injecting sorbent at the ESP inlet would be $4,314,500 ($5,680,000 
assuming lost ash sales and disposal).  Included in this is other annual operating levelized 
costs including electric power, operating labor, and maintenance. 
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Based on the test program results and assuming that sorbent injection at the ESP inlet 
for mercury control is sustainable, mercury control can be attained at Merrimack Unit 2 for 
an initial capital investment of $4,164,000, with first-year operating costs of $10.93/kW 
($14.09/kW), or annual twenty-year constant-dollar levelized costs of $11.42/kW 
($15.45/kW).  This information is summarized in Table 21. 

The levelized costs reported in Table 21 are specific to Merrimack Unit 2.  The 
levelized cost summary uses the following factors: 

1. Ash Sales:  $3/ton 

2. Ash Disposal:  $40/ton 

3. Ash Production Rate:  6,700 lb/hr 

In the case presented below, the disposal costs are for the entire unit, as if PAC were 
injected upstream of ESP 1. 

Table 21.  Levelized Costs Summary. 

Twenty-Year Levelized Costs Summary—$ Constant 

 
Lost Ash Sales Revenue 

and 
Disposal Costs Included 

Lost Ash Sales Revenue 
and 

Disposal Costs Not Included 

Fixed Costs $487,000 $487,000 

Variable O&M $5,193,000 $3,827,500 

Total $5,680,000 $4,314,500 

Fixed Levelized Costs 
$/kW 1.45 1.45 

First-Year Operating Levelized Costs 
$/kW 12.19 8.98 

Total Twenty-Year Levelized Costs 
$/kW 15.45 11.42 

First-Year Operating Levelized Costs 
mills/kW-hr 1.63 1.21 

Total Twenty-Year Levelized Costs 
mills/kW-hr 2.27 1.73 

Total Twenty-Year Levelized Cost 
$/lb Hg removed 44,500 33,800 
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OBSERVATIONS AND CONCLUSIONS 
MK2 proved to be a very difficult application for mercury control using activated 

carbon injection primarily because of the SCR-generated SO3.  Thus, although the coal fired 
during the test program was medium-sulfur (1.2% sulfur target) bituminous, the SO3 content 
resembled that of a higher-sulfur flue gas.  In addition, typical flue gas temperatures ranged 
from 330 to 350 F, which is in the range that detrimentally impacts activated carbon 
performance. 

The overall objective of this project was to assess the potential for significant 
mercury control, between 50 and 90% above baseline by sorbent injection in order to meet 
the goals established by the DOE Program of 50 to 70% mercury removal and NH House Bill 
1673 that requires an 80% reduction by July 1, 2013.  Initial mercury control evaluations 
indicated that, without SO3 control, mercury reductions were limited to 15 to 20%.  
Subsequently, with SO3 control via trona injection upstream of the APH, up to 50% mercury 
capture could be achieved during the program but was not sustainable due to balance-of-plant 
impacts.  Specific balance-of-plant issues that prevented sustainable operation mercury 
removal were air preheater pluggage from trona injection and periodic instances of 
smoldering PAC in ESP 2.  A summary of results supporting these conclusions are shown 
below. 

Specific Challenges of Particular Significance 
 Balance-of-plant issues that made mercury removal unsustainable. 
o Air preheater operation:  the pressure drop across the air preheater increased during 

all periods of trona injection, an indication of deposition in the air preheater and a 
risk of eventual pluggage.  An injection grid designed specifically for MK2 may 
improve the trona distribution and subsequently reduce the pluggage issues.  
However, long-term testing would be required to assess whether deposition could 
be eliminated. 

o Smoldering PAC:  The PAC–ash mixture in ESP 2 periodically began to smolder.  
This has been observed at other sites with high concentrations of PAC in ash.  
Normal operating conditions at MK2 were outside of the expected smoldering 
range and it is, therefore, uncertain whether the smoldering ash was the result of a 
long-term operational issue or a result of transient flue gas conditions during unit 
shutdowns.  PAC injection upstream of ESP 1 should eliminate issues with 
smoldering PAC–ash by decreasing the fraction of PAC in the mixture. 

 Operation of test equipment. 
o Mercury CEMS required additional maintenance and were often off-line because 

they failed daily QA checks.  The outlet CEMS had a measurement bias during 
much of the tests. 

o SO3 measurements:  E.ON measured SO3 using a Controlled Condensation method 
that they developed and these results were within expected levels.  EPA Method 
8A provided inconsistent and questionable results.  Measurements made using the 
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Breen probe were intermittently successful; however, the equipment did not 
survive in the flue gas atmosphere. 

o Injection lances, both for PAC and trona/MgO, plugged at least once during the 
test program. 

o The fixed-bed sorbent screening device was unreliable at this site, likely due to the 
high acid dewpoint temperature and subsequent deposition of sulfuric acid in the 
system. 

o Additional challenges were encountered because test equipment was not 
specifically designed for this site.  For example, the same equipment was used to 
inject trona and MgO, which have different feed characteristics.  The injection 
locations were also in existing ports rather than custom ports with locations chosen 
specifically to optimize distribution.  These choices were made because of the 
budget limitation of the program. 

 Degree of difficulty in obtaining mercury removal in this application. 
o SO3 had to be controlled to lower levels before any meaningful mercury removal 

could be obtained. 
o Choice of SO3 sorbent proved more complicated because of ash disposal, recycle, 

ESP performance, APH pressure drop, delivery of product, cost, and equipment 
design issues. 

o High flue gas temperatures added another challenge for PAC performance.  This is 
related to the SO3 levels because high SO3 concentrations cause higher acid 
dewpoint temperatures. 

Summary of Results 
 Baseline testing. 
o Baseline native mercury removal across the ESPs was less than 10%. 
o Oxidized mercury was consistently well above 80%. 

 Co-benefits. 
o Both MgO and trona demonstrated effectiveness at reducing the SO3 

concentration.  Reducing SO3, if it had been sustainable, would have allowed the 
plant to increase operating efficiency by recovering additional heat in the APH. 

- With 500 lb/hr of trona, SO3 was 7 to 10 ppmv (~ 50% reduction from 
baseline) 
 1000 lb/hr of trona, SO3 was ~ 5 ppmv. 

- MgO injection appeared (qualitatively) to reduce SO3 concentrations 
downstream of the APH. 

 Parametric and long-term testing:  mercury removal. 
o No “sulfur tolerant” sorbents were identified or evaluated that were more effective 

that standard PAC sorbents. 
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o Without modification of either the CEA temperature or the native SO3 
concentration, the mercury removal was limited to less than 20% at injection 
concentrations up to 8 lb/MMacf for all mercury sorbents tested.  This scenario 
was not long-term tested. 

o Injecting PAC upstream of the APH did not result in improved mercury removal 
performance compared to APH outlet injection. 

o The performance of PAC can be enhanced when levels of SO3 in the flue gas are 
decreased, specifically below 10 ppm.  The following scenarios were not long-term 
tested: 
- DARCO® Hg-LH at 5 lb/MMacf and 1000 lb/hr trona:  45% mercury removal. 
- DARCO® Hg-LH at 5 lb/MMacf and 150 lb/hr MgO:  30% mercury removal. 

o Lowering the APH cold-end average temperature by an average of 20–30 ºF 
improved the effectiveness of PAC alone or when either trona or MgO was 
injected to control SO3.  The following scenarios were not long-term tested: 
- DARCO® Hg-LH at 5 lb/MMacf and 1000 lb/hr trona:  55% mercury removal. 
- DARCO® Hg-LH at 5 lb/MMacf and 150 lb/hr MgO:  40% mercury removal. 

 Balance-of plant impacts. 
o Smoldering PAC–ash was discovered in the ESP 2 hoppers during outages.  High 

PAC–ash mixtures collected in hoppers must be managed to prevent auto-ignition.  
Because the fly ash concentration exiting a cyclone boiler is relatively low, the 
percentage of PAC to ash will be higher at MK2, especially if PAC is injected 
downstream of the first ESP. 

o Trona injection upstream of the APH resulted in an increase in the pressure drop 
across the tubular APH.  Optimization of sorbent distribution and injection rates 
may minimize this issue. 

o Trona injection at 500 lb/hr did not have a noticeable impact on opacity.  Injection 
at 625 lb/hr resulted in a slight increase in opacity. 

o MgO injection, particularly when milled, was limited due to impacts on ESP 
operation and resulting opacity.  Injection of unmilled MgO at 180 lb/hr increased 
opacity from the baseline of ~ 11% to ~ 17% at normal temperatures and ~ 13% at 
315 ºF. 

o Public Service of New Hampshire determined a means to dispose of the PAC–ash 
mixture.  The avenues explored by PSNH were use of a Carbon Burn-Out unit, 
land reclamation, dry landfill disposal, and wet landfill disposal.  The best avenue 
for fly ash disposal was the installation of a fly ash preconditioning system to 
allow the pretreatment of the ash for beneficial landfill use. 

 CFD modeling. 
o The maximum removal was predicted to be 67% at a sorbent injection of 

5 lb/MMacf and a sorbent capacity of 1249 µg/g.  This capacity corresponds to 
DARCO® Hg sorbent at 300 °F with low SO3 in the flue gas.  The actual mercury 
removal measured during short-term tests during SO3 mitigation and temperature 
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management approached the modeled prediction, averaging 55 to 60% under the 
optimal controlled circumstances.  This may indicate that small improvements in 
mercury removal could be achieved with better distribution of the PAC. 

 Economic 
o To achieve 50% mercury capture at MK2, nominally 300 lb/hr of activated carbon 

and 500 lb/hr of trona would be required at full load.  Assuming balance-of-plant 
issues are resolved, a unit capacity factor of 85% and a delivered activated carbon 
cost of $1.05/lb and trona cost of $0.105, the twenty-year levelized annual cost of 
injecting sorbent at the ESP inlet would be $4,315,000 ($5,680,000 assuming lost 
ash sales and disposal). 

The evaluation of mercury removal performance of injected sorbents in the presence 
of SO3 at MK2 extends the findings from DOE/NETL Phase II Round I testing at Conesville 
Station and results from similar sites that contain SO3 in the flue gas.  The ACI test program 
conducted at MK2 demonstrated that up to 50% mercury removal could be achieved with 
carbon sorbents during short-term testing by lowering flue gas SO3 levels and flue gas 
temperatures at the APH outlet.  However, balance-of-plant impacts precluded maintaining 
these levels of removal at PSNH MK2. 

Support from DOE/NETL was critical to the success of this field program.  Due to the 
significant challenges encountered during this test program, and in general at sites with SCR-
generated SO3 in the flue gas, this support resulted in additional options for mercury control 
that had not been developed or tested prior to the project. 
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LIST OF ACRONYMS AND ABBREVIATIONS 
ACI Activated carbon injection 

APH Air preheater 

B&W Babcock & Wilcox 

CAMR Clean Air Mercury Rule 

CBO Carbon Burn-Out 

CEA  Cold end average 

CEM Continuous emission monitor 

CVAAS Cold-vapor atomic absorption spectrometer 

CVAFS Cold-vapor atomic fluorescence spectroscopy 

DARCO® Hg Sorbent manufactured by Norit Americas.  Formerly known as 
DARCO® FGD. 

DARCO® Hg-LH Sorbent manufactured by Norit Americas.  Formerly known as 
DARCO® FGD-E3. 

DARCO® Hg-E26 Sorbent manufactured by Norit Americas 

DES Department of Environmental Services 

DOE Department of Energy 

EC Equivalent sorbent injection concentration 

ESP Electrostatic precipitator 

FF Fabric filter 

FGD Flue gas desulfurization 

ICR Information Collection Request 

kacfm Thousand actual cubic feet per minute 

kW Kilowatt 

LOI Loss on ignition 

MK2 Merrimack Station Unit 2 

MW Megawatt 

NETL National Energy Technology Laboratory 

O&M Operating and Maintenance 

PLC Programmable logic controller 

PAC Powdered activated carbon 

PSNH Public Service of New Hampshire 

SCA Specific collection area 
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SCR Selective catalytic reduction  

SCEM Semi-continuous emission monitor 

SDA Spray dryer absorber 

SGLP Synthetic Groundwater Leaching Procedure 

SIS Sorbent injection system 

SPLP Synthetic Precipitation Leaching Procedure 

SSD Sorbent screening device 

TCLP Toxicity Characteristic Leaching Procedure 
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APPENDIX A:  Test Plans 
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77 WEST 200 SOUTH SUITE 210 * SALT LAKE CITY, UTAH 84101 
TELEPHONE: (801) 364-6925 * FAX: (801) 364-6977 * E-MAIL: senior@reaction-eng.com

Date:  October 5, 2006 

From: Connie Senior 

To: Art Auclair, Jean Bustard, Tom Campbell, Harold Keyes, Paul Raichle 

Re: Sorbent injection for co-benefit testing at MK2 REVISED 

The goals of the co-benefits testing at Merrimack Unit 2 (MK2) are to reduce SO3 concentrations 
sufficiently to enable efficient use of activated carbon for mercury control and to reduce the air 
preheater cold-end average temperature.  Two sorbents are being considered for the testing:
MgO and Trona (Na2CO3-NaHCO-2H2O).  MgO has previously been tested at MK2 for SO3
reduction, while Trona has not been tested.

In previous testing of MgO in 2004, 120-180 lb/hr were injected through four injectors at the 
SCR outlet duct.  An injection rate of 180 lb/hr represented approximately 1:1 MgO:SO3 (molar 
basis) for a post-SCR SO3 concentration of 46 ppm, which is what was measured by E.ON in 
2004.  At 180 lb/hr and a reduced cold-end temperature of 230oF, SO3 removal across the APH 
in 2004 was 50-60%.  In 2002, SO3 concentrations were measured as lower (34 ppm average at 
SCR outlet) because the SCR exit temperature was lower in 2002 than in 2004.    

Higher injection rates of MgO than 180 lb/hr caused problems in the ESP.  Trona injection will 
result in the formation of sodium compounds, which should not challenge the ESP as much as 
the MgO sorbent.  It was noted by AEP that injection of Trona at Plant Gavin improved ESP 
performance. 

Table 1 gives an example of the calculation of sorbent flow rate needed for 1:1 Oxide:SO3
(molar basis) at 33 ppm SO3 at the SCR exit.  Trona injection rates are 4.5 times higher than 
MgO rates for a 1.2:1 stoichiometry.   

The MgO injection rate of 140 lb/hr corresponds to 1.7 tpd for continuous injection.  The 
existing silo holds approximately 14 tons.  Therefore, the silo has enough capacity for about six 
days of MgO injection at that rate.  The Trona injection rate of 625 lb/hr corresponds to 7.5 tpd; 
the silo has enough capacity for about two days of Trona injection at that rate.  We might 
consider not injecting Trona continuously or injecting it at a low rate (100-200 lb/hr) overnight. 

Assuming that 60% SO3 removal is possible with the sorbent injection rates in Table 1, there will 
be an increase in MgO, Na2O, and sulfate in the fly ash collected in both the old and new ESPs.
Table 2 estimates the impact of the sorbents on fly ash composition.   
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Table 1.  Assumptions for estimation of SO3 sorbent flow rates for mid-sulfur coal. 

Assumptions:     
Output, MW  333 
Coal, klb/hr  247 
%Bottom ash  0.7 
%LOI  0.09 
%Fly ash recycle  No 
%Inleakage, APH  0.06 
%Removal in ESP 1  0.8 
%Removal in ESP 2  0.96 

%SO2 conversion - boiler  1.00% 

%SO2 conversion - SCR  1.70% 

%SO3 removal across APH  9.40% 
%SO3 removal across ESP1  10.00% 
Coal Hg content, ug/g dry  0.13 
Coal ash MgO, wt%  1.0% 
Coal ash Na2O, wt%  1.0% 
Conditions at SCR Outlet:    
Temperature, F  700 
Gas flow rate, klb/hr  3,101 
Gas flow rate, acf/min  1,472,619 
Fly ash, klb/hr  6.46 

%O2  2.47% 

%H2O  8.45% 

SO2, ppm  1,176 

SO3, ppm  33 
Molar Oxide/SO3

SO3, lb/hr  277 
MgO, lb/hr 1 139 
Trona, lb/hr 1.2 625 



77 WEST 200 SOUTH SUITE 210 * SALT LAKE CITY, UTAH 84101 
TELEPHONE: (801) 364-6925 * FAX: (801) 364-6977 * E-MAIL: senior@reaction-eng.com

Table 2.  Estimate of fly ash compositions for 60% SO3 removal and sorbent flow rates as 
given in Table 1. 

With MgO injection     
Ash collected in ESP 1, lb/hr   4,874 

Carbon content, wt%  8.5% 

**wt% MgO, carbon-free basis 3.4% 

**wt% SO3, carbon-free basis 3.0% 

Ash collected in ESP 2, lb/hr  1,187 
Carbon content, wt%  8.6% 

**wt% MgO, carbon-free basis 3.4% 
**wt% SO3, carbon-free basis 2.9% 

With Trona injection     
Ash collected in ESP 1, lb/hr   5,297 

Carbon content, wt%  7.9% 
**wt% Na2O, carbon-free basis 5.1% 
**wt% SO3, carbon-free basis 2.7% 

Ash collected in ESP 2, lb/hr  1,230 
Carbon content, wt%  8.3% 
**wt% Na2O, carbon-free basis 5.3% 
**wt% SO3, carbon-free basis 2.8% 

Table 3 presents a preliminary schedule for co-benefits testing.  Several assumptions have been 
made that require explanation.   

� Previous testing with MgO suggested that at least 8 to 10 hours of injection was needed 
to stabilize SO3 concentrations downstream of the air preheater.  Therefore, sorbent 
injection should be started the day before any mercury sorbent testing with the sorbent 
screening device (SSD) commences.   

� A dewpoint meter should be used to make stack SO3 measurements during sorbent 
injection in order to provide a qualitative assessment of SO3 levels.

� CFD modeling of MgO injection showed that the sorbent was not well-distributed with 
the four-nozzle configuration.  It was noted by E.ON during the 2004 program that 
different behavior was observed in the North and South ducts during MgO injection, 
suggesting that the MgO sorbent was not evenly distributed in the duct.  CFD modeling 
of injection by B&W confirmed that there was maldistribution of the sorbent for the four-
nozzle case.  Also the differences in residence time between the North and South ducts 
from the split to the air preheater inlet might account for the observation of different 
behavior.  It was obvious that the sorbent did not penetrate the gas flow at the injection 
location.  The lances only extended into the duct about a foot.  If the lances could be 
inserted farther into the flow, there might be more opportunity to mix the sorbent into the 
gas before the North and South ducts split. 
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� It was noted at AEP’s Gavin plant that at temperatures between about 350oF-360oF, a 
sticky deposit formed in the duct.  At Gavin, Trona was injected downstream of the air 
heater, but flue gas temperatures ranged from 300oF to 400oF.  Injection of Trona at MK2 
should proceed cautiously with pressure drop across the air preheater monitored during 
Trona injection. 

� The high rates of Trona injection (for 1.2:1 stoichiometry) mean that the 14-ton silo will 
have to be refilled every other day, if Trona is injected continuously.  Continuous 
injection of Trona may not be practical.  Injection of a lower flow rate of Trona overnight 
could be tried. 

� It’s been noted by AEP that care must be taken with the Trona injection system to keep 
the carrier air dry, otherwise feeding problems will result.

With these considerations in mind, I have put together a proposed schedule for co-benefit testing 
in Table 3. 
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Test Plan for Merrimack 
Lowered Flue Gas Temperature Co-Benefit Study 

Revision 1 
April 10, 2006 

 
Based on conversations during the team meeting between ADA-ES and PSNH held in 
Manchester and Bow, NH on Monday and Tuesday, March 6-7, 2006, and follow on 
conversations, the idea of evaluating the co-benefit effects of lowered flue gas 
temperatures was considered a topic of interest. Several factors play into the 
consideration of lowering flue gas temperatures: 

1. Increased ability to lower mercury emissions through increased enhancement of 
native removal mechanisms. This test will also provide an indication of the 
potential to increase the efficiency of ACI due to lower SO3 concentrations as 
well as lower temperatures. 

2. Increased efficiency for the unit due to lowered stack flue gas temperatures and 
less thermal emissions. Increased efficiency will lead to less physical emissions 
per megawatt produced. 

3. Lowered SO3 emissions. 
 

The test conditions for the plant will be normal operating conditions. The plant will be 
using the current 1.1% S blend of coal. Economizer and SCR inlet hopper re-injection 
will continue throughout the test. The ESP flyash re-injection is currently scheduled for 
stoppage the morning of April 13, prior to testing. With the current plant configuration, 
lowering flue gas temperatures will result in increased fouling of the air pre-heaters, 
which are tubular and partitioned into a hot and cold side. As a result, the only 
opportunity to test the effects of flue gas temperatures without unduly impacting the 
ability of the Merrimack Station to produce power is just prior to a scheduled outage, 
minimizing the effect of an impaired air pre-heater. The only near term outage for PSNH 
Merrimack Unit 2 is April 18, 2006. 
 
With the opportunity of the plant outage on April 18, 2006, it was decided to conduct the 
co-benefit test of lowered flue gas temperature on April 13-14, 2006. 
 
Platt Environmental Services was chosen as the source test firm. All testing by Platt will 
be performed at the stack test locations. Physical samples; fly ash, coal, and others; will 
be collected by Merrimack plant personnel. 
 
ADA-ES has set the following schedule for sampling and testing. 
 
 



 
Sunday Monday Tuesday Wed Thursday Friday Saturday 

Apr 9 10 
 

11 
 

12 
Platt Env 
Travel to site 
 
Set up Equip 

13 
Baseline – 
Full Load: 
3 Dual 
AppK, SO3 
Tests 
 
Coal, Ash 

14 
Low Temp 
– Full Load 
3 Dual 
AppK, SO3 
Tests 
 
Coal, Ash 

15 
Demob 
 

Apr 16 
 

17 
 

18 
Scheduled 
Outage 

19 
 

19 
 

20 
 

21 
 

 
Team Responsibilities: 
Platt Environmental: 

1. Proper, operational test equipment to complete testing on schedule 
2. Proper safety equipment to complete testing in a positive pressure, high SO3 

environment 
3. To the extent possible, perform concurrent, or near concurrent, test runs of App K 

and SO3 methods. 
4. Schedule and complete lab analysis results of test runs. Include an analysis of 

possible complications due to faulty equipment or improper operation to test 
results. Upon completion of the above tests, send results to ADA-ES. 

5. Demobilize equipment. 
6. Notify ADA-ES and PSNH of conditions which may impact test results. 
7. Include Method protocol documentation as an attachment to report. 

 
Merrimack Plant 

1. Provide safe environment at work location: stable platform, proper safety railings, 
etc. 

2. Provide working hoist to test platform. Plant personnel should be available on 
Wednesday afternoon and Thursday morning to operate hoist or instruct Platt in 
proper operation of the hoist. Plant personnel, dependent upon hoist operation 
agreement, should be available for demobilization on Friday afternoon and 
Saturday morning. 

3. Monitor plume visibility for SO3 on both days of testing and photograph. 
4. Collect representative coal samples of coal fired during test conditions for 

Thursday and Friday, April 13 and 14, 2006. 
5. Collect representative ash samples of fly ash present during test conditions for 

Thursday and Friday, April 13 and 14, 2006. Requested fly ash sample collection 
format is one combined sample from each row of each ESP: total five samples per 
day. Request that at the start of each test (one normal temperature and the other 



low temperature), hoppers be emptied and then isolated for a duration of time 
during the test sequence to allow representative ash to be collected during the test. 

6. Collect other physical grab samples on a daily basis from: 
a. SCR hoppers 
b. Economizer hoppers 
c. Slag Sluice 
d. Air Heater hoppers 

7. Provide re-injection rates for re-injected materials. 
8. Collect plant data per detailed list provided by ADA-ES. 
9. Provide full load conditions 3-hrs prior to start of test runs to allow stabilization 

of plant conditions. Continue full load conditions during testing. 
10. Provide most recent AH leakage test values. 
11. Notify ADA-ES of conditions which may impact test results. 

 
ADA-ES 

1. Coordinate testing. If either Platt or Merrimack notify ADA-ES of parameters 
outside requested conditions, ADA-ES, in coordination with PSNH, will 
determine whether testing will continue. 

2. Coordinate data collection. 
3. Provide detailed list of plant operating parameters desired for thorough analysis of 

data. 
4. Provide Draft Report to PSNH. Current schedule is two weeks after return of all 

sample analysis to ADA-ES. Coal sample results usually returned 6 weeks after 
shipment from ADA-ES. Allow one week after testing for shipment of samples 
from ADA-ES for preparation. Expected draft report to be issued first week of 
June 2006. 

5. Issue Final Report to PSNH and DOE after comments from participants. 
 
 
 
 
 



Plant Parameters 
DATE/Time   Date and Time 

Gross Unit MW Gross Gross Unit MW MW           
Stack NOx Emissions  NOX          ppm or lbs/mmbtu    
Stack SO2 Emissions  SO2          Ppm or lbs/mmbtu    
Stack CO2 Emissions  CO2          %            

Stack Opacity  6-min average % 
10 Sec Opacity  10 sec  %    

Stack Flow  Stack Flow   scfh         
Stack Temp  Stack Temp   Deg F        

Ambient Air Temp  AMBIENT AIR TEMPERATURE    DEGF         
Barometric Press  ATMOS PRESS                INHGA        

All Air Heater Air Inlet Temp   DEGF         
All Air Heater Air Outlet Temp   DEGF         

Air Heater Gas Inlet Temp  FLUEGAS TO AIRHTR TEMP     DEGF         
Air Heater Gas Outlet Temp  FLU GAS FM AIRHTR TEMP     DEGF         

All Economizer O2  1-3 east, 1-3 west          % O2         
Total Coal Flow  TOTAL BOILER COAL FLOW KLB/HR 

No. of Feeders I/S  NUM OF FEEDERS IN SERVICE               
All TR Cabinet  POWER               KW           
All TR Cabinet  SECONDARY CURRENT   MA           
All TR Cabinet  SPARKS PER MINUTE   SPARKS       
All TR Cabinet   SECONDARY VOLTAGE   KV           

Other pertinent ESP data  As Available  
Pertinent SCR Information    

SCR INLET TEMP   F 
SCR Out   F 

SCR NH3 Flow   Lb/hr 
SCR Gas Temps   F 

SCR Catalyst Temps   F             
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Table 3.  Preliminary schedule for co-benefit testing. 

Day/Date   Activity 
Sorbent Flow 

Rate, lb/hr Meas. Comments 

Wk.1/Day 1 Mon, Oct 2 Install silo     MgO delivered this week 

Wk 1/Day 2 Tues, Oct 3 Install silo       

Wk 1/Day 3 Wed, Oct 4 Install silo       

Wk 1/Day 4 Thurs, Oct 5 Fill Silo (MgO)       
Wk 1/Day 5 Fri, Oct 6         

Wk 2/Day 1 Mon, Oct 9 Begin injection 130-180 [1] Dewpt. Dewpt. meas. in stack 

Wk 2/Day 2 Tues, Oct 10 MgO injection 130-180 Dewpt., SSD 
SSD=Sorbent screening 
device 

Wk 2/Day 3 Wed, Oct 11 
MgO injection, lower 
APH cold-end T 130-180 Dewpt., SSD   

Wk 2/Day 4 Thurs, Oct 12 
MgO injection, lower 
APH cold-end T 130-180 Dewpt., SSD   

Wk 2/Day 5 Fri, Oct 13 
MgO injection, lower 
APH cold-end T 130-180 Dewpt., SSD 

Run out MgO over 
weekend? 

Wk 3/Day 1 Mon, Oct 16 Fill silo (Trona)   Dewpt. Trona delivered 

Wk 3/Day 2 Tues, Oct 17 Trona injection Low [2] Dewpt.   

Wk 3/Day 3 Wed, Oct 18 Trona injection High [3] Dewpt., SSD   

Wk 3/Day 4 Thurs, Oct 19 Fill silo, Trona injection Optimized Dewpt., SSD  

Wk 3/Day 5 Fri, Oct 20 Trona injection Optimized Dewpt., SSD  Trona delivered? 

Wk 4/Day 1 Mon, Oct 23 Fill silo, Trona injection Optimized   

Wk 4/Day 2 Tues, Oct 24 
Trona injection, lower 
APH cold-end T Optimized Dewpt., SSD   

Wk 4/Day 3 Wed, Oct 25 
Fill silo, Trona injection, 
lower APH cold-end T Optimized Dewpt., SSD Trona delivered? 

Wk 4/Day 4 Thurs, Oct 26 
Trona injection, lower 
APH cold-end T Optimized Dewpt., SSD   

Wk 4/Day 5 Fri, Oct 27         
Notes: 1.  Depending on SO3 concentration  

 2.  200-300 lb/hr, lower injection rate overnight  
 3.  ~650 lb/hr, lower injection rate overnight  
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Project Objectives 

The overall objective of this project is to assess the potential for significant 
mercury control by sorbent injection upstream of an electrostatic precipitator (ESP).  The 
primary emphasis of this program is to evaluate the performance of mercury sorbent 
injection.  In addition, the effect of co-benefits from SO3 mitigation on mercury control 
will also be explored.  Merrimack Station is located in Bow, NH.  Testing will be 
conducted on Unit 2 (MK2), which has a cyclone boiler and fires a test blend of 
Venezuelan and eastern bituminous coal.  Tests are planned for the entire 335 MW Unit 
2. 

This test plan lays out a framework for conducting Long Term testing to meet the 
desired objectives.   

Project Overview 

Public Service of New Hampshire (PSNH) has worked with the New Hampshire 
(NH) Legislature and the NH Department of Environmental Services (DES) to review the 
technical feasibility and costs associated with different levels of mercury control at the 
company’s coal fired power plants.  NH House Bill 1673, signed into law by the 
Governor of New Hampshire, requires by July 1, 2013 an 80% reduction of mercury 
emissions from PSNH’s coal-fired power plants.  The law provides incentives to achieve    
mercury reductions prior to July 1, 2013.  This law also prohibits PSNH from 
participating in a proposed federal mercury cap and trade system to comply with the NH 
reductions.  

 In addition, PSNH will have to comply with the Clean Air Mercury Rule 
(CAMR) recently promulgated by the EPA, and meet specific reductions in 2010. 
Because of early reduction language in the state regulation bill, PSNH is addressing 
issues now that many plants across the country will face over the next few years.  MK2 is 
a very difficult yet important application for a number of reasons.  MK2 has a Selective 
Catalytic Reduction (SCR) system that generates SO3, a species that is detrimental to 
mercury capture even with sorbent injection.     

Prior to implementing a compliance strategy, it is important to gather data and 
assess whether PSNH can achieve the reductions being considered by the State while 
meeting guiding principles that include (1) integrating environmental quality, public 
health and safety, and economic vitality, (2) facilitating scientifically and technically 
sound, cost effective, and environmentally appropriate solutions, and (3) protecting fuel 
diversity and PSNH’s ability to generate low-cost, reliable energy necessary to meet New 
Hampshire customer demand.  

MK2 was chosen to host this evaluation because it fires a medium sulfur test 
blend of eastern bituminous and Venezuelan coals and is configured with an SCR 
followed by an ESP.  This combination will allow an evaluation of the effects of coal 
producing medium sulfur levels on the mercury removal performance of injected sorbents 
and the impact of injected sorbents on the performance of the ESP.  During Long Term 
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testing, various co-benefits; including: reduced flue gas temperatures and SO3 control 
reagents injected into the flue gas downstream of the SCR is scheduled.  The Long Term 
test phase will determine balance of plant issues as well as allow a long term evaluation 
of mercury emission reductions.   

Host Site Description: Merrimack Unit 2 
 

PSNH’s Merrimack Station is located in Bow, NH.  The Unit 2 boiler is a 335 
MW B&W cyclone fired unit that will fire a test blend of medium sulfur eastern 
bituminous and Venezuelan coal for the DOE/NETL test.  A hot side SCR treats the flue 
gas for NOx reduction. A side effect of the SCR is the conversion of SO2 to SO3, which 
effectively creates a flue gas stream more closely resembling that created by a high sulfur 
coal.  The Air Pre-Heater (APH) is a tubular, cold-side/hot-side design.  Downstream of 
the APH, the unit is equipped with two cold-side ESPs.  The ESP units are set up in 
series, with the original ESP being the upstream unit with a specific collection area 
(SCA) of 120 ft2/kacfm and the Supplemental ESP, the downstream unit, with an SCA of 
230 ft2/kacfm.  For the purposes of reporting, the ESP units will also be referred to as 
ESP1 and ESP2.  As a forced draft positive pressure unit, flue gas is pushed through the 
ESPs via two FD fans and the natural draft of the stack.  The flue gas temperature is 
normally kept elevated to ensure that vapor phase SO3 does not corrode or foul the air 
heater.  Flue gas temperatures are 330 – 350°F during full load operations at the inlet to 
ESP1.  A sketch of the unit layout is presented in Figure 1.  Key operating parameters are 
covered in Table 1. Testing is planned for the entire 335 MW unit. 

 

Figure 1: Layout Sketch of Merrimack Unit 2 
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Table 1:  Merrimack Key Operating Parameters 

Unit 2 

Size (MWG) 335 

Test Portion (MWG) 335 

Coal Medium sulfur test blend of Eastern 
Bituminous and Venezuelan Coal 

 Heating Value (as received) 13,000 

 Sulfur (% by weight as received) 1.2 

 Chlorine (ppm dry) 1000 

 Mercury (ppm dry)* 0.07 

Particulate Control 2 Cold Side ESPs in series 
SCA = 350 ft2/kacfm 

NOx Control SCR 

Sulfur Control Coal Blend 

Ash Reuse Cyclone Furnace Re-injection or off-
site beneficial reuse (concrete 
additive, flowable fill, landfill cover) 

*This mercury ratio in the coal is for the current 1/1 eastern 
bituminous/Venezuelan test blend. 

Technical Approach 

Activities are divided into the several tasks.  The specific tasks to accomplish 
Long Term testing are described below. 

Task 1.  Site Coordination and QA/QC Plan 
Efforts within this task include planning the tests with PSNH and DOE/NETL.   

The quality assurance/quality control plan will be updated, finalizing the site-specific 
scope for each of the team members, and putting subcontracts in place for manual 
(Ontario Hydro, M26a, etc.) sampling services.   

Additional communications between ADA-ES and PSNH personnel will be 
conducted to discuss topics such as the plant operation, silo operations, and host 
site/ADA-ES responsibilities.   

As part of the proposed scope, Quality Assurance and Quality Control (QA/QC) 
will be documented and specific procedures adhered to.  The primary objectives of the 
QA/QC effort will be to control, evaluate, and document data quality to ensure that data 
generated are of sufficient quality to meet program objectives.  Specific key parts of the 
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QA/QC plan will include: 

� QA/QC in sample collection, analytical and data analysis 

� Integral performance evaluation and verification of Hg removal 

� Procedural remedies for identified data deficiencies 

 

Task 2.  Design, Procure, and Install Equipment 
Task 2.1.  System Design and Procurement 

Major equipment needed for this test includes a sorbent storage and injection 
system and mercury analyzers.  PSNH has installed a larger PAC silo to support long 
term test requirements.  A temporary SO3 sorbent injection system is installed as well. 
Two Thermo Scientific Mercury Freedom CEM systems are installed to monitor mercury 
upstream and downstream of the PAC injection location.   

The plant has installed an additional port during the outage in spring 2007 to 
improve PAC injection. The SO3 injection lances were also upgraded during the outage. 
Additional site support includes compressed air, electrical power, wiring plant signals 
including boiler load to the injection skids, and balance of plant engineering.  PSNH will 
be responsible for all permitting and any variance requirements. 

ADA-ES will perform a system checkout of the mercury control and 
measurement equipment prior to the commencement of Long Term testing. 

See Figure 2 for details of the injection and CEM monitoring points. 
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Figure 2: Test Injection and Hg Monitoring 
 

Task 2.2.  Installation 

A scope of work has been developed and installation responsibilities will be 
divided between ADA-ES and PSNH. 

Task 3.  Field Testing 
Long Term field testing of sorbent injection for mercury control shall cover up to 

a period of six months.  Performance will be measured by obtaining plant data; such as 
combustion parameters, back-end parameters, and CEMS data; and flue gas 
measurements including real time and periodic mercury measurements and solids 
samples. 

The nature of all sorbents to be tested under this project shall be provided to the 
DOE Project Officer prior to testing.   The proprietary nature of such data shall be 
protected by DOE/NETL.   All sorbents must receive approval by the DOE Project 
Officer prior to being tested under this project. Per request of the New Hampshire Dept. 
of Environmental Services (NH DES), the nature of all sorbents shall be provided to the 
NH DES. The NH DES has a copy of the DOE Flow Down clauses regarding the 
proprietary nature of such data and the rights of the patent holder. All sorbents must be 
approved by the NH DES in addition to the DOE Project Officer to be tested. 
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Task 3.5.  Choose Long Term Test Parameters 

ADA-ES will present to the test team the results of Parametric and Co-Benefit 
testing. From this data, the recommended Long Term test parameters will be set. 

Task 3.6.  Long Term Test 

After approval from the DOE COR (Contract Officer’s Representative) and the 
NH DES, the selected sorbents from Task 3.5 will be continuously injected into the flue 
gas for a period of up to six months.  This shall be done in conjunction with any 
operating changes or SO3 mitigating technologies agreed to in Task 3.5.  This test period 
shall evaluate whether the mercury control scheme develops any long-term operational 
problems and whether mercury emission control is sustainable.  Potential operational 
impacts that will be monitored include degradation of ESP performance, injection system 
performance, contamination of fly ash, and disposition of the fly-ash/sorbent combustion 
by-products. 

Long-term testing will be conducted at the “optimum” settings as determined by 
the project team based upon results from parametric tests and other considerations such 
as material cost and plant impacts.  It is the intent of DOE that these settings represent the 
most cost effective condition for mercury removal.  The goal of this task is to obtain 
sufficient operational data on removal efficiency over an extended period, the effects on 
the particulate control device, effects on byproducts, and impacts to the balance of plant 
equipment to prove viability of the process and determine the process economics.   

Long-term test measurements shall include a full suite of flue gas and solid 
sample measurements.  These shall include one ESP inlet and outlet Ontario Hydro 
mercury measurement (or Instrument Reference Method (IRM) tests if approved), as well 
as measurements for SO3, particulate, halogens, and ammonia at the ESP inlet and outlet.  
PSNH has requested further SO3 test locations will be outside the scope of this project 
but may be run in conjunction with this testing.  Two further test runs of EPA Method 
30B Dry Sorbent Trap Mercury Measurements will also be conducted to ensure 
measurement accuracy. 

Further manual test data collected will include modified Method 30B tests to 
ensure back up results to CEM mercury measurements. Dependent upon availability, the 
Breen in-situ SO3 monitor will be installed to provide continuous measurement of SO3 
levels. 

Task 3.7.  Data Analysis and Final Test Report 

A summary of the possible test sequence discussed above is shown in Table 2.  
Dates and test conditions will be finalized as the project proceeds and additional 
information is gathered. 
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Table 2: Proposed Full-Scale Test Sequence for Merrimack Unit 2 
  Parameters   

Test 
Description Start Date 

ACI 
Concentration 
lb/MMacf 

ACI Sorbent SO3 Sorbent Comments Boiler Load 

Review 
Long Term 
Test 
Parameters 

November 2007 
Review Results from Parametric and Balance of Plant Tests 

Define Operating Conditions for Long Term Tests 
  

Lo
ng

 T
er

m
 T

es
t 

November 2007 6 Brominated Carbon Trona  500lb/hr**  Load Follow 

Nov 2007 Week 3 6 Brominated Carbon Trona 500lb/hr Method 30B Full Load 

Dec 2007 6 Brominated Carbon Trona 500lb/hr  Load Follow 

Dec 2007 Week 5 6 Brominated Carbon Trona 500lb/hr Manual 
Testing* Full Load 

Dec 2007 6 Brominated Carbon Trona 500lb/hr  Load Follow 

Jan 2008 Week 7 6 Brominated Carbon Trona 500lb/hr Method 30B Full Load 

To Completion 6 Brominated Carbon Trona 500lb/hr  Load Follow 

* Manual Sampling will include: ASTM M6784-02 Ontario Hydro (mercury), EPA draft 
M30B (mercury), EPA M17 (particulate), EPA M26A (halogens – Cl, F, Br), Controlled 
Condensation Method (SO3) 

** 500lb/hr is full load boiler rate.   

Many signals typically archived by the plant will be monitored to determine if any 
correlation exists between changes in mercury concentration with measured plant 
operation.  A correlation is not unusual between temperature and load, for example.  A 
list of plant parameters and measurements to be collected can be seen in Table 3. 

Table 3:  Data Collected During Field Testing 

Parameter Sample/signal/test Long-Term 

Coal Batch sample Yes 

Coal Plant signals:  burn rate (lb/hr) 
quality (lb/MMBTU, % ash) 

Yes 

Fly ash Batch sample Yes 

SCR SCR Signals Yes 

Unit operation Plant signals:  boiler load, coal firing 
rate, excess O2, etc. 

Yes 
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Temperature Plant signal: AH inlet and ESP 
inlet/outlet,  

Yes 

Temperature Full traverse ESP inlet, single port 
traverse from each ESP outlet duct 

No 

Duct Gas Velocity Full traverse at ESP inlet/outlet No 

Mercury (total and 
speciated) 

Hg Monitors at ESP inlet/outlet Yes 

Mercury (total and 
speciated) 

ASTM M6784-02 (Ontario Hydro) or 
IRM at ESP inlet/outlet 

Yes 
(3 sets) 

Mercury (total) STM EPA draft M30Bm at ESP 
inlet/outlet 

Yes 

Particulate 
Emissions 

EPA Method 17  Yes 

HCl, HF, Br EPA Method 26A at ESP inlet/outlet Yes 

SO3 Controlled Condensation Method at 
SCR outlet (upstream of trona injection) 
and Original ESP outlet (upstream of 
PAC injection) 

Yes 

Sorbent Injection 
Rate 

PLC, lbs/min Yes 

Plant CEM data  Plant signals: NOx, SO2, flow, opacity Yes 

ESP Electrical 
Conditions  

Plant signals: Sec mA, Sec. Voltage, 
Sparks, etc. (manual collection) 

Yes 

 

Upon completion of the field testing and receipt of the subsequent laboratory 
analyses, ADA-ES will issue a formal test report.  The report will summarize testing 
activities, results, economic analyses and conclusions. 

 

Task 4. Coal, Ash, and By-Product Evaluation 
In conjunction with the long term tests, solid samples of coal and ash will be 

taken.  Select samples will be analyzed to help determine the impact on fly ash quality 
and quantity, as well as disposal.  PSNH and ADA-ES will define responsibilities for 
obtaining samples of coal, fly ash, and other solid and liquid samples during testing.  
Figure 3 shows the hopper configuration for ESP’s 1 and 2.  Table 4 presents a typical 
schedule for collecting samples. 
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Table 4:  Tentative Sample Collection Schedule 

 
Four sets of coal samples will be analyzed for ultimate and proximate, calorific 

value, mercury, elemental and chlorine analyses.  The coal samples will correlate with the 
OH and M30B sample times as well as the first week of testing.  The ash will be analyzed 
for mercury and other tests such as alkalinity, pH, size distribution, chlorine and fluorine, 
and metals such as selenium and arsenic (two complete analysis from each hopper row).  
Mercury content and LOI will be analyzed 3 times per week for ash.  The other samples 
will be twice during the test time frame, one period to coordinate with the OH manual 
testing and the second to correlate with the M30B test time frame.  Additional tests will 
be conducted to determine the environmental stability of the samples.  These tests include 
Toxicity Characteristic Leaching Procedure (TCLP, SW846-1311), synthetic 
groundwater leaching procedure (SGLP), synthetic precipitation leaching procedure 
(SPLP), and thermal stability tests.  As a chemically treated sorbent has been chosen for 
long-term tests, leaching of the chemical used in the treatment process will be reviewed.  
Tests are also being discussed to determine the potential of microbial activity on mercury 
release.  A sample of the analyses included is presented Table 5. In addition to the 
collection and analysis of samples needed for this project, samples shall be collected in 
accordance with DOE/NETL requirements.  Such samples shall be made available for 
analysis at DOE/NETL’s discretion. 

Although previous tests from other DOE programs have shown that the 
byproducts mixed with activated carbon are highly stable, it is important to continue 
evaluating these byproducts for each condition using well-established and documented 
techniques, and new techniques designed to perform even more robust analyses of the 
byproducts.  Additional ash will be collected and archived for other tests, including tests 
requested by EPA, DOE, and independent companies approved by DOE and PSNH. 

Test 
Condition 

Type Frequency Comments 

Long-Term 

Coal Daily 1 liter 

ESP Ash Daily:  
One composite sample each row 

1 sample per week: 
All Inlet Hoppers  

Once: 
Composite of Inlet Hoppers from both 
ESP units (per DOE guidance for 
Lehigh Univ.) 

 
1 liter 
 

1 liter 
 

5 gallon - 
Sample 

Bottom Ash Monthly 1 liter 

APH, SCR Hoppers Monthly 1 liter 
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ADA-ES has a Sample and Data Management System (SDMS) that will store test 
data from the evaluation.  These data can be used to generate reports, track sample 
history, and input results from laboratory analyses.   

For data control and security, access to the sample database is limited to the 
ADA-ES project manager, site manager, and sample manager.  Operators collecting 
samples will be able to upload information to the database and print sample labels and 
Chain-of-Custody forms.  ADA-ES will include results with regularly issued reports to 
the test team.   

Table 5:  Summary of Byproduct and Waste Characterization Testing 

Series Test Purpose Test Method Comments 

1 Ash Disposal TCLP (SW846-1311) Measures leachable Hg, As, Ba, Cd, 
Cr, Pb, Se, Ag 

2 

Environmental 
Stability – 
Leaching 

SGLP 
 

Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks 

3 Ash Disposal 
Environmental 
Stability – 
Leaching 

SPLP Synthetic Precipitation Leaching 
Protocol – Similar to SGLP but uses 
an acidic leaching solution. 

 Special Testing Various As needed for troubleshooting or site-
specific information needs. Per 
request, Total Metals (ppm) and 
Vanadium (ppm) content to be tested. 
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Task 6.  Management and Reporting 
Periodic meetings with DOE and the test team to discuss progress will be held and 

obtain overall direction of the program from the DOE project manager. 

Project Funding 

The status of project funding is shown in Table 6.  

Table 6: Project Funding 

 
Original 
Funding 

Current 
Funding 

Current 
Expenditures

DOE 2,500,000.00 2,169,000.00 1,674,126.09
PSNH 1,499,504.48 1,301,175.85 1,004,764.04

ADA-ES 306,465.52 265,889.48 205,048.00
Total 4,305,970.00 3,736,065.34 2,883,938.13

    
Trona/SO3 207,000.00  1,020,170.00

 

The current expenditures reflect approximate costs as of November 1, 2007.  

The trona/SO3 expenditures covers the expenses for Solvay (chemical), Mineral 
Processing Services (silo), O’Brien & Gere (silo), Breen (SO3 monitoring), Clean 
Harbors (field support), Martin Marietta (chemical), and E.ON Engineering 
(measurement services).  The original funding for the SO3 effort was covered under Task 
3.1 Process Optimization and Co-Benefit analysis with additional funding for one SO3 
analysis test. As can be seen, the efforts to solve the issues of SO3 to allow significant 
mercury reduction efforts to occur have been more expensive than planned. 

The project funding expenditures does not reflect the additional efforts PSNH and 
Merrimack Station have put forward as far as in-kind services and funding for services 
and structures to support testing. The funding that is not directly covered by the DOE 
project scope expended by PSNH is equal or greater than the current PSNH expenditures 
under the project.
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Key Personnel 

Key personnel for the Merrimack tests are identified in Table 6. 

Table 7:  Key Project Personnel for Merrimack Mercury Field Evaluation 

Name Company Role Phone # E-MAIL/Cell Phone 

Andrew O’Palko DOE/NETL DOE/NETL 
Project Manager 

304-285-4715 andrew.opalko@netl.doe.g
ov 

Paul Raichle PSNH 
Merrimack 

Operations 
Manager 

603-224-
4081x182 

raichpr@nu.com 

Art Auclair PSNH 
Merrimack 

Senior Environmtl 
Coordinator 

603-224-
4081x234 

auclaaa@nu.com ; pager 
603-564-2334 

Harold Keyes PSNH 
Merrimack 

Station Manager 603-224-
4081x130 

keyeshe@nu.com  

Bill Smagula PSNH 
Manchester 

Director, PSNH 
Generation 

603-634-2851 smaguwh@nu.com 

Jean Bustard ADA-ES Program Manager 303-734-1727 jeanb@adaes.com 
Tom Campbell ADA-ES Project Manager 303-791-7889 tomc@adaes.com; 303-

981-7287 
Travis Starns ADA-ES Systems Manager 303-339-8857 traviss@adaes.com 

303-921-8150 
Sharon Sjostrom ADA-ES Hg Monitors and 

Technical Expert 
303-339-8841 sharons@adaes.com 

303-919-8538 
Richard Schlager ADA-ES Contracts 303-339-8855 Richards@adaes.com 
Connie Senior Reaction 

Engineering 
Tech Expert: Coal 
and Byproducts, 
Flow Modeling 

801-364-6925 
ext 37 

senior@reaction-eng.com 

Rich Miller ADA-ES Technical Expert 610-760-1555 richm@adaes.com 
Paul Brignac ADA-ES Site Manager 205-281-0311 paulb@adaes.com 
 



DEPARTMENT OF ENERGY EVALUATION OF 
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70-90% MERCURY REDUCTION ON AN EASTERN 
BITUMINOUS COAL, CYCLONE BOILER WITH SCR 
FIELD EVALUATION 

Evaluation of Lowered Temperature Co-Benefits for 
Mercury Control at PSNH Merrimack Generating Station 
Unit 2 

DOE Test DE-FC26-06NT42780

Addendum 1 to Test Plan dated Sept 19, 2006 

Prepared for: 
PSNH
DOE NETL 

Prepared by: 
ADA Environmental Solutions, Inc. 
8100 SouthPark Way, Unit B 
Littleton, CO 80120 
September 19, 2006 



Detailed Scheduling 
 For 

 Co-Benefit, Baseline and Parametric 
Test Phases 

A-1: Test Schedule: 

1. Sept 18 – 22: 
a. Bids for Parametric silo foundation to be received the week of Sept 18th by 

PSNH Paul Raichle 
b. FAT testing for ACI Parametric silo 
c. Release of Detailed Test Plan 

2. Sept 25 – 29: 
a. MK2 ready for testing – Tuesday, September 26 
b. Temperature – Velocity Traverses by Air Sampling Associates (ASA) 
c. STM traverses by both ADA-ES and ASA 
d. Breen Technologies on site to demonstrate prototype Land Instrument SO3

acid dew point monitor 
e. Begin sorbent screening evaluation 

3. Oct 2 – 6: 
a. Baseline Manual Measurements – OH (Hg), M26A (halogen), M5/17 

(particulate) – scheduled for Thursday – Friday: Oct 5 - 6 
b. E.ON Engineering – SO3 monitoring – Oct 2 - 5 
c. Continue Breen Tech SO3 monitor testing 
d. SO3 sorbent injection silo available from MPS –install  
e. ACI Parametric silo installation - Dependent upon ACI silo foundation 

completion 
f. Continue sorbent screening evaluation 

4. Oct 9 – 13: 
a. Complete SO3 sorbent injection silo installation 
b. Complete ACI Parametric silo installation 
c. Begin Co-Benefit testing – proposed MgO – injection scheduled for 5 

days, 24hrs per day 
5. Oct 16 – 20 

a. SO3 silo start up and test 
b. Tuesday – begin Co-Benefit testing – proposed Trona – injection 

scheduled 24hrs per day 
c. ACI silo start up and test 
d. Sorbent screening 
e. E.ON on site for SO3 measurements – possible dependent upon Breen 

Tech results 
6. Oct 23 – 27: 

a. Continue Co-Benefit testing – proposed Trona – injection proposed 24hrs 
per day 

b. Sorbent screening 
c. E.ON on site - possible 



7. Oct 30 – Nov 3: 
a. Evaluate Co-Benefit data 
b. Continue Co-Benefit testing on an as needed basis 

8. Nov 6 – 10 
a. Parametric testing – no proposed Co-Benefit injection, only mercury 

sorbent evaluation 
b. Test Darco Hg (2 days), Darco Hg-LH (3 days) 
c. Replacement testing is particular sorbent identified during Co-Benefit 

testing appears promising 
9. Nov 13 – 17 

a. Parametric testing – proposed dual injection – mercury and CoBenefit 
testing

10. Nov 20 – 24: 
a. Thanksgiving holidays – no testing 
b. Begin Parametric evaluation 

11. Nov 27 – Dec 1 and Dec 4 – 8: 
a. Continue Parametric testing on an as needed basis 
b. Begin Long Term testing protocol evaluation 



A-2: Co-Benefit Schedule 

Week/Day Date Activity 
Sorbent Flow 

Rate, lb/hr 
Meas. (4) Comments 

Week1/Day1 Sept 25 
Thermo Hg 

Analysis 
Hg CEM 

Day 2 Sept 26 
Thermo Hg 

Analysis 
Hg CEM 

Day 3 Sept 27 
Stratification

Testing

Hg CEM, Temp, 
Velocity, STM, 

SO3, SSD 

Modified Land Dew 
Pt SO3 Meas. 

Day 4 Sept 28 Stratification Testing 
Hg CEM, Temp, 

Velocity, STM, SO3,
SSD

Modified Land Dew 
Pt SO3 Meas. 

Day 5 Sept 29 Stratification Testing 
Hg CEM, Temp, 

Velocity, STM, SO3,
SSD

Modified Land Dew 
Pt SO3 Meas. 

Day 6 –7 
Sept 30 
– Oct 1 

Hg CEM 

Week2/Day1 Oct 2 Baseline, install silo Hg CEM, SSD 

Day 2 Oct 3 Baseline, install silo 
Hg CEM, EON 

SO3, SSD 

Day 3 Oct 4 Baseline, install silo Hg CEM, EON SO3

Day 4 Oct 5 Baseline, test silo 

Hg CEM, EON 
SO3, OH, M5, 
M26A, STM 

MgO delivery 



Day 5 Oct 6 Baseline, test silo 

Hg CEM, EON 
SO3, OH, M5, 
M26A, STM 

Day 6 –7 
Oct 7 – 

8
Hg CEM

Week3/Day1 Oct 9 MgO Injection 180
Hg CEM, modLDP, 

SSD

Day 2 Oct 10 MgO Injection 180
Hg CEM, modLDP, 

SSD

Day 3 Oct 11 
MgO Injection, 

Lower APH Outlet 
T

180
Hg CEM, modLDP, 

SSD

Day 4 Oct 12 
MgO Injection, 

Lower APH Outlet 
T

180
Hg CEM, modLDP, 
SSD, outlet STM 

Day 5 Oct 13 
MgO Injection, 

Lower APH Outlet 
T

180
Hg CEM, modLDP, 
SSD, outlet STM 

Day 6 –7 
Oct 14 
– 15 

180 Hg CEM
Continue MgO 
Injection until 

depleted

Week4/Day1 Oct 16 Hg CEM Trona delivery 



Day 2 Oct 17 Trona injection Low (1) Hg CEM, modLDP 
Monitor APH 

pressure drop (3) 

Day 3 Oct 18 Trona injection High (2) Hg CEM, modLDP 

Day 4 Oct 19 Trona injection Optimized
Hg CEM, modLDP, 

outlet STM 
Trona delivery 

Day 5 Oct 20 Trona injection Optimized
Hg CEM, modLDP, 

outlet STM 

Day 6 –7 
Oct 21 
– 22 

Trona injection Low Hg CEM, modLDP 

Week5/Day1 Oct 23 Trona injection Optimized Hg CEM, modLDP Trona delivery 

Day 2 Oct 24 
Trona injection, 

lower APH outlet T 
Optimized

Hg CEM, modLDP, 
outlet STM 

Day 3 Oct 25 
Trona injection, 

lower APH outlet T 
Optimized

Hg CEM, modLDP, 
outlet STM 

Day 4 Oct 26 
Trona injection, 

lower APH outlet T 
Optimized

Hg CEM, modLDP, 
outlet STM 

Day 5 Oct 27 Data Analysis 

Day 6 –7 
Oct 28 
– 29 
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Project Objectives 

The overall objective of this project is to assess the potential for significant 
mercury control, between 70 and 90% above baseline, by sorbent injection into an 
electrostatic precipitator (ESP).  The primary emphasis of this program is to evaluate the 
performance of mercury sorbent injection.  In addition, the effect of co-benefits from SO3
mitigation on mercury control will also be explored.  Merrimack Station is located in 
Bow, NH.  Testing will be conducted on Unit 2 (MK2), which has a cyclone boiler and 
fires a blend of Venezuelan and eastern bituminous coal.  Tests are planned for the entire 
335 MW Unit 2. 

This test plan lays out a framework to meet both project and team objectives.   
More detailed plans will be developed for specific elements of the plan as testing 
proceeds.

Project Overview 

Public Service of New Hampshire (PSNH) worked with the New Hampshire 
(NH) Legislature and the NH Department of Environmental Services (DES) to review the 
technical feasibility and costs associated with different levels of mercury control at the 
company’s coal fired power plants.  NH House Bill 1673, signed into law by the 
Governor of New Hampshire, requires by July 1, 2013 an 80% reduction of mercury 
emissions from PSNH’s coal-fired power plants.  The law provides incentives to achieve
mercury reductions prior to July 1, 2013 and additional reductions after 2013.  This law 
also prohibits PSNH from participating in a proposed federal mercury cap and trade 
system to comply with the NH reductions. In addition, PSNH will have to comply with 
the Clean Air Mercury Rule (CAMR) recently promulgated by the EPA, and meet 
specific reductions as an initial phase in 2010.Because of early reduction language in the 
state regulation bill, PSNH is having to address issues now that many plants across the 
country will face over the next few years.  MK2 is a very difficult yet important 
application for a number of reasons.  MK2 has a Selective Catalytic Reduction (SCR) 
system that generates SO3, a species that is detrimental to mercury capture even with 
sorbent injection.  Therefore, it is necessary to develop and test sorbents , which will 
achieve high levels (70 – 90%) of mercury removal to meet CAMR as well as state 
regulations.

Prior to implementing a compliance strategy, it is important to gather data and 
assess whether PSNH can achieve the reductions being considered by the State while 
meeting guiding principles that include (1) integrating environmental quality, public 
health and safety, and economic vitality, (2) facilitating scientifically and technically 
sound, cost effective, and environmentally appropriate solutions, and (3) protecting fuel 
diversity, and PSNH’s ability to generate low-cost, reliable energy necessary to meet 
customer demand.  

MK2 was chosen to host this evaluation since it fires a medium sulfur blend of 
eastern bituminous and Venezuelan coals and is configured with an SCR followed by an 
ESP.  This combination will allow an evaluation of the effects of coal producing medium 
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sulfur levels on the mercury removal performance of injected sorbents and the impact of 
injected sorbents on the performance of the ESP.  During testing, investigating various 
co-benefits; including: reduced flue gas temperatures, SO3 control reagents injected into 
both the furnace and flue gas, as well as potentially firing an altered blend of coal; are 
scheduled to determine if the native mercury removal or mercury removal with injected 
sorbents can be improved.   

Host Site Description: Merrimack Unit 2 
PSNH’s Merrimack Station is located in Bow, NH.  The Unit 2 boiler is a 335 

MW B&W cyclone fired unit that normally fires a blend of medium sulfur eastern 
bituminous and Venezuelan coal.  A hot side SCR treats the flue gas for NOx reduction. 
A side effect of the SCR is the conversion of SO2 to SO3, which effectively creates a flue 
gas stream more closely resembling that created by a high sulfur coal.  The Air Heater 
(AH) is a tubular, cold-side/hot-side design.  Downstream of the AH, the unit is equipped 
with cold-side ESPs.  The ESP units are set up in series, with the original ESP being the 
upstream unit with a specific collection area (SCA) of 120 ft2/kacfm and the 
Supplemental ESP, the downstream unit, with an SCA of 230 ft2/kacfm.  For the 
purposes of reporting, the ESP units will be referred to as ESP1 and ESP2.  As a forced 
draft positive pressure unit, flue gas is pushed through the ESPs via FD fans and the 
natural draft of the stack.  The flue gas temperature is kept elevated to ensure vapor phase 
SO3 does not condense into sulfuric acid as well as preventing the AH from being fouled.
Flue gas temperatures are 330 – 350°F during full load operations at the inlet to ESP1.  A 
sketch of the unit layout is presented in Figure 1.  Testing is planned for the entire 335 
MW unit. 

Figure 1: Layout Sketch of Merrimack Unit 2

  2 



Table 1:  Merrimack Key Operating Parameters 

Unit 2

Size (MWG) 335

Test Portion (MWG) 335

Coal Medium sulfur blend of Eastern 
Bituminous and Venezuelan Coal 

 Heating Value (as received) 13,000

 Sulfur (% by weight as received) 1.2

 Chlorine (ppm dry) 1000

 Mercury (ppm dry)* 0.07

Particulate Control 2 Cold Side ESPs in series 
SCA = 350 ft2/kacfm 

NOx Control SCR

Sulfur Control Coal Blend 

Ash Reuse Cyclone Furnace Re-injection or off-
site beneficial reuse (concrete 

additive, flowable fill)
*This mercury ratio in the coal is for the current 1/1 eastern 

bituminous/Venezuelan blend. 

General Technical Approach 

Activities are divided into the seven tasks shown in Table 2.  These tasks provide 
the framework for the test plan. 

Table 2:  Site-Specific Tasks 

Task Description 
1 Site Coordination, Kick-Off Meetings, Develop Test Plan and 

QA/QC Plan 
2
   2.1 
   2.2 

Design, Procure and Install Equipment 
  System Design and Procurement 
  Installation 

3
 3.1 
 3.2 
 3.3 
 3.4 
 3.5 
  3.6 

Field Tests 
  Process Optimization and SO3 Co-Benefits Analysis 
 Sorbent Screening Tests 
 Baseline tests 
 Parametric tests 
  Choosing Long Term Test Parameters 
 Long-term Test 
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  3.7   Final Test Report 
4 Coal, Ash, and By-Product Sample Evaluation 
5 Technology Transfer 

6 Management and Reporting 

Task 1.  Site Coordination, Kick-Off Meetings, Develop Test Plan and 
QA/QC Plan 

Efforts within this task include planning the tests with PSNH and DOE/NETL.
The planning process includes meeting with plant, corporate, and environmental 
personnel to discuss and agree upon the overall scope of the program for the site, the 
potential impact on plant equipment and operation, and to gather preliminary information 
necessary to develop a detailed draft test plan and scope of work.   The host site 
agreement has been finalized, and the installation document and test plan will be finalized 
during the Site Kick-Off Meeting.  Other efforts include developing a quality 
assurance/quality control plan, identifying any permit requirements, finalizing the site-
specific scope for each of the team members, and putting subcontracts in place for 
manual (Ontario Hydro, M26a, etc.) sampling services.  A site kickoff meeting is 
scheduled for July/August 2006. 

ADA-ES visited the site on March 7, 2006 and discussed potential equipment and 
port locations.  Additional communications between ADA-ES and PSNH personnel have 
been conducted to discuss topics such as the plant operation, port and silo installation, 
and host site agreements.   

The host site is responsible for preparing sampling and injection ports prior to 
testing.  A document describing the new port locations and port specifications has been 
delivered to plant personnel and was finalized following a duct inspection during the 
outage in April/May 2006.  Installation of the new test ports was completed during the 
outage.

As part of the proposed scope, Quality Assurance and Quality Control (QA/QC) 
will be documented and specific procedures adhered to.  The primary objectives of the 
QA/QC effort will be to control, evaluate, and document data quality to ensure that data 
generated are of sufficient quality to meet program objectives.  Specific key parts of the 
QA/QC plan will include: 

�� QA/QC in sample collection, analytical and data analysis 

�� Integral performance evaluation and verification of Hg removal 

�� Procedural remedies for identified data deficiencies 
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Task 2.  Design, Procure, and Install Equipment 
Task 2.1.  System Design and Procurement 

Major equipment needed for this test includes a sorbent storage and injection 
system and mercury analyzers.  A system for injecting SO3 sorbents will also be required.
The sorbent injection system for mercury control must be of sufficient size to inject up to 
1000 lbs/hr for an extended period.  Options being considered for this system include a 
transportable silo that has been used at previous DOE test sites and a larger silo/feeder 
system that would be much more practical for the long term testing.   

Required site support includes installation of the injection and sampling ports (if 
not available), installation of required platforms and scaffolding, compressed air, 
electrical power, wiring plant signals including boiler load to the injection skid and 
control trailer, and balance of plant engineering information.  ADA-ES engineers will 
work with plant engineers to develop an installation and contractor bid package for 
installation activities, and work with the installation contractors.  PSNH will be 
responsible for all permitting and any variance requirements. 

ADA-ES will install and perform a system checkout of the mercury control and 
measurement equipment.  The actual installation of the sorbent injection equipment, not 
including preparation tasks, is estimated to take three weeks. 

Task 2.2.  Installation 

A scope of work has been developed and installation responsibilities will be 
divided between ADA-ES and PSNH.  The proposed work split is shown in Table 1. 
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Table 3:Proposed Scope of Work Split Between ADA-ES and PSNH 

PSNH ADA-ES 

Install the Sorbent Injection System (SIS) 
foundation

Prepare site installation document 

Install the SIS Oversee installation of SIS, PLC Controls, 
Sorbent Distribution Manifolds, Injection 
Lances, Conveying Hose 

Install and/or inspect Sampling Ports Install and monitor mercury analyzers 
(CEMs)

Provide utilities (power, air) (Note 1) Install office trailers (2) 

Arrange for safe access to sorbent injection 
and mercury sampling locations 

Provide access to plant data 

NOTE (1): Plant has limited compressed air capacity so additional air compressors may 
be purchased/leased to support testing uses. 
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Feeder and Analyzer Descriptions 

A transportable carbon injection system, shown installed at Sunflower Electric’s 
Holcomb Station in Figure 2, consists of a bulk-storage silo and twin blower/feeder 
trains.  PAC is delivered via bulk pneumatic trucks and loaded into the silo, which is 
equipped with a bin vent bag filter.  From the discharge section of the silo, sorbent is 
metered by variable speed screw feeders into eductors that provide the motive force to 
carry the sorbent to the injection point.  Blowers provide the conveying air.  A 
Programmable Logic Controller (PLC) is used to control system operation and adjust 
injection rates.  The silo is approximately 50 feet high and 10 feet in diameter and has an 
empty weight of 10 tons.  The silo holds 20 tons of sorbent.  Flexible hose carries the 
sorbent from the feeders to distribution manifolds located on the flue gas ducts, feeding 
the injection probes.  Each manifold supplies up to six/eight injectors. 

Figure 2: Carbon Injection Storage Silo and Feeder Trains Installed at Holcomb  

Two Thermo Electron Mercury Freedom� system analyzers will be used during 
this testing program to provide real-time feedback during baseline and sorbent injection 
testing.  Mercury measurements will be monitored at the ESP1 inlet (or outlet depending 
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on mercury stratification test results and sorbent injection location – the ESP1 outlet 
being the preferred location) and either in the stack or the stack inlet duct. 

The Mercury Freedom� CEM has four key components: the sample extraction 
probe, sample pretreatment and conversion, the mercury analyzer, and the calibration 
module.  These components are described briefly below and presented in Figure 2, a 
schematic of the entire system showing the key components and other supporting 
instrumentation. 

�� Sample Extraction Probe.  An inertial filter is used to separate a 
particulate-free vapor-phase sample while minimizing the interactions 
with fly ash, which can cause sampling artifacts.  The filter is heated and 
there is a blowback for the inlet stinger.  The sample is immediately 
diluted with pre-heated dilution air to minimize mercury reactions with 
other flue gas species.

�� Sample Pretreatment and Conversion.  A dry, thermal converter is used 
to convert oxidized mercury to elemental mercury.  The converter must be 
replaced periodically. 

�� Mercury Analyzer.  Mercury is measured directly in the analyzer using 
Cold Vapor Atomic Fluorescence Spectroscopy (CVAFS).  There is no 
cross interference from SO2 with CVAFS.  Because the sample is diluted, 
it has low moisture, is relatively non-reactive and therefore has minimal 
interference from other gases.  The analyzer detection limit is currently 1 
ng/m3 (�0.1 ppt) 

�� Calibration Module.  The calibrator module is used to calibrate directly 
to the analyzer and the probe.  It is also used to check dilution ratio.  The 
calibrator incorporates Peltier Cooler/vapor pressure control and mass 
flow controllers.  It can deliver mercury in concentrations from 1 to 50 
�g/m3.  The operator can program the calibrator to deliver zero or span gas 
to the analyzer, to the sample port between the inertial filter and the 
critical orifice, or upstream of the inertial filter.
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Figure 3: Thermo Electron Mercury CEM. 

The analyzer is capable of measuring both total vapor-phase mercury and 
elemental vapor-phase mercury.  The analyzer determines total vapor-phase mercury 
concentrations by reducing all of the oxidized mercury to the elemental form near the 
extraction location.  To measure elemental mercury, the oxidized mercury is removed 
while allowing elemental mercury to pass through without being altered. 

Task 3.  Field Testing 
Field testing of sorbent injection for mercury control will cover a period of 13 

months, and shall include in-situ mercury sorbent screening tests, baseline measurements, 
parametric tests, and long term tests.  Performance will be measured by obtaining plant 
data; such as combustion parameters, back-end parameters, and CEMS data; as well as 
flue gas measurements including real time and periodic mercury measurements and solids 
samples. 

The nature of the sorbents to be tested under this project shall be provided to the 
DOE Project Officer prior to testing.   The proprietary nature of such data shall be 
protected by DOE/NETL.   All sorbents must receive approval by the DOE Project 
Officer prior to being tested under this project. Per request of the New Hampshire Dept. 
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of Environmental Services (NH DES), the nature of all sorbents shall be provided to the 
NH DES. The NH DES has a copy of the DOE Flow Down clauses regarding the 
proprietary nature of such data and the rights of the patent holder. All sorbents must be 
approved by the NH DES in addition to the DOE Project Officer to be tested. 

Task 3.1.  Process Optimization and SO3 Co-Benefits Analysis 

Methods to improve baseline mercury capture and optimize sorbent usage by 
changes to plant operating practices and additives to reduce SO3 will be evaluated.  
Process-based changes include combustion settings, SCR operation, and temperature. 

As part of an ongoing corrosion mitigation program, PSNH has conducted short-
term evaluations on several dry additives to reduce SO3, including powdered limestone, 
magnesium oxide, and hydrated lime.  Previous dry additives for SO3 reduction were 
added with the flyash reinjection system.  The project team will further investigate the 
potential of both wet and dry additives that can be injected either in the duct or into the 
boiler. 

Task 3.2.  Sorbent Screening Tests 

The team shall conduct a series of sorbent screening tests on selected mercury 
sorbents and SO3 additives.  The sorbent screening device (SSD) is an extractive system 
designed to predict mercury removal performance in a full-scale ESP.  A sketch showing 
major components and plant requirements is shown in Figure 4, and Figure 5 shows the 
internal components of probe box.  The test apparatus consists mainly of the probe box 
and two stack sampling boxes.  The probe box contains an inertial filter, gas eductor and 
two sorbent test trains each consisting of a test bed and an activated carbon trap. 

The test beds consist of sand mixed with sorbent and ash in amounts 
representative of the ESP inlet particulate loading at the host site. The inertial separation 
probe separates the native fly ash from the sampled flue gas stream prior to the test beds.  
The sorbent traps are located downstream of the test beds and are used to collect any 
mercury not trapped by the test beds.  Once the test trains are installed and leak checked, 
the assembly is heated (the inertial filter is maintained at 400°F and the tests beds are 
maintained at the flue gas temperature at the test location) and flue gas is drawn through 
the assembly for a test period that typically lasts two hours for ESP studies.  Upon 
subsequent analyses, the mercury collected in the test beds and carbon traps can be used 
to determine the mercury removal efficiency of the sorbent.   
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Plant Requirements
1.  4" Flanged Sample Port
2.  2 x 20 Amp, 120V Power Lines
3.  Plant Air (60 lpm, 10 psi)

SSD Probe 
w/Inertial Filter 

and two Test Beds

Eductor Air 
60 lpm, 10 psi

Filter/Dryer 
Regulator Plant Air10

Temp 
Controller

4" Flanged 
Sample Port

Silica  Gel

20 A

Silica  Gel

DGM 1

DGM 2

Gas Sampling 
Box Power

20 A

Figure 4: SSD Components and Power Requirements 
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Figure 5: Sketch of SSD Probe 
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Several different sorbents will be evaluated.  DARCO Hg, a lignite-derived 
activated carbon supplied by NORIT (formerly known as DARCO FGD), is considered 
the benchmark for these tests because of its wide use in DOE and EPRI-sponsored 
testing.  Potential alternative sorbents include those that may be more effective than 
DARCO Hg, or sorbents that are as effective but cost less per pound.  Examples that have 
demonstrated improved effectiveness on high sulfur sites will be considered.  Sorbent 
vendors and developers are invited to submit proposals for inclusion of their sorbents in 
this program.  Sorbents will be selected for screening based upon a review of the 
proposals by the project team to determine potential performance and the relative sorbent 
costs.  Sorbents will be chosen for parametric testing based upon results from screening 
tests.

Task 3.3.  Baseline Tests 

Upon completion of Tasks 3.1 and 3.2, and just prior to the commencement of the 
parametric test series, a series of baseline tests will be conducted to characterize native 
mercury capture across the ESP without sorbent injection.  There shall be no injection of 
either mercury sorbent or other chemical additive related to the DOE test program.  The 
plant will continue to inject their GE FS3955 vermiculite additive for flux control during 
all test periods.  Unit operation will be set at conditions expected during the parametric 
tests.  It is anticipated that boiler load will be held constant at full-load and the air 
pollution equipment will be operated under standard full-load conditions.  In addition to 
continuous mercury measurements from the CEMs, baseline measurements shall include 
one set of a full suite of flue gas and solid sample measurements.  These shall include 
ESP inlet and outlet Ontario Hydro mercury measurements, as well as measurements for 
SO3, particulate, halogens, and ammonia. 

Task 3.4.  Parametric Tests 

The goal of parametric testing is to evaluate the best candidate sorbents under 
similar operating conditions.  Parametric tests occur at full scale by directly injecting the 
identified sorbent into the flue gas ductwork upstream of ESP2.  If at any time the 
performance of the existing pollution control equipment or outlet emissions exceed 
acceptable operating limits, testing will be halted.  Acceptable limits will be discussed 
and agreed upon prior to beginning injection. 

Parameters to be varied include: 

�� Mercury sorbents 

�� Mercury sorbent injection concentrations 

�� Unit combustion parameters 

�� SO3 sorbents 

The mercury CEM systems will be the basis for measuring mercury removal for 
all parametric tests. 
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Four weeks of parametric testing are planned.  The parametric tests will be 
conducted at full-load conditions to minimize variables.  During parametric tests, 
sorbents will be injected at various rates to develop a relationship between sorbent 
injection concentration and mercury removal efficiency across the ESP.  In addition to 
sorbent injection, the effects of coal blending on mercury control potentially will be 
evaluated.

The first two weeks of parametric testing will evaluate the effects of sorbent 
injection for control of mercury in stack emissions.  The schedule allows for several 
different sorbents, including the benchmark sorbent DARCO-Hg.  The other sorbents 
tested will be determined based upon results from the sorbent screening tests.   

PSNH has conducted tests on SO3 mitigation.  SO3 has been shown to influence 
the mercury removal effectiveness of native fly ash and mercury control sorbents.  A 
series of tests to evaluate the co-benefits of SO3 mitigation on sorbent performance will 
be considered, based on results from efforts in Task 3.1. 

Task 3.5.  Choose Long Term Test Parameters 

Upon completion of the parametric test series, ADA-ES will compile an informal 
report summarizing the results and conclusions of the testing to date.  This report will 
provide the data and analysis necessary to guide the project team and DOE in choosing 
the system parameters for the long-term test. 

Task 3.6.  Long Term Test 

After approval from the DOE COR and the NH DES, the selected sorbent from 
Task 3.5 will be continuously injected into the flue gas over a period of six months.  This 
shall be done in conjunction with any operating changes or SO3 mitigating technologies 
agreed to in Task 3.5.  This test period shall evaluate whether the mercury control scheme 
develops any long-term operational problems and whether mercury emission control is 
sustainable.  Potential operational impacts that will be monitored include degradation of 
ESP performance, injection system performance, and contamination of fly ash. 

Long-term testing will be conducted at the “optimum” settings as determined by 
the project team based upon results from parametric tests and other considerations such 
as material cost and plant impacts.  It is the intent of DOE that these settings represent the 
most cost effective condition for mercury removal.  The goal of this task is to obtain 
sufficient operational data on removal efficiency over a 6-month period, the effects on the 
particulate control device, effects on byproducts, and impacts to the balance of plant 
equipment to prove viability of the process and determine the process economics.   

Long-term test measurements shall include a full suite of flue gas and solid 
sample measurements.  These shall include at least three ESP inlet and outlet Ontario 
Hydro mercury measurements, as well as measurements for SO3, particulate, halogens, 
and ammonia. 
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Task 3.7.  Data Analysis and Final Test Report 

A summary of the possible test sequence discussed above is shown in Table 4.
Dates and test conditions will be finalized as the project proceeds and additional 
information is gathered. 
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Table 4: Proposed Full-Scale Test Sequence for Merrimack Unit 2 

Test Description Start
Date

Parameters/Comments Boiler
Load

Process
Optimization and 
SO3 Co-Benefits 
Analysis

June
2006

Low Flue Gas Temperature Testing (Completed-April 
2006 due to Operational Concerns) 
SCR Bed Change Out Effects (Started April 2006) 
Thermo CEM Installation – August 2006 
August 2006: Vel/Temp/STM Traverses of ESP1 and 
ESP2 Inlet and Outlet Ducts, Stack vs Stack Inlet Duct to 
Analyze for Stratification and Test Port Locations 
Week 1: Dry SO3 Additives – Furnace 
Week 2: Dry SO3 Additives – SCR Outlet, Low Flue Gas 
Temperature Test 
Week 3: Combustion Changes, Liquid SO3 Additives 
Week 4: Coal Changes 

Full Load 
During
Test
Periods

Sorbent Screening 
Tests

August
-Oct
2006

Sorbent Screening and Analysis Full Load 
During
Test
Periods

Baseline Nov
2006

Day 1 - Test crew set-up no restrictions on boiler load 
Day 2 – Measure flow at full and low load 
Day 3 – Manual Samplinga

Day 4 – Manual Sampling 
Day 5 - Manual Sampling 

Full Load 
24 hours 
per day
except
Day 2 

Parametric Sorbent 
Injection Testing 
Week 2 

Nov/
Dec
2006
Week 1 

Day 1 – Check out feeder 
Day 2 – DARCO Hg, 1 lb/MMacf 
Day 3 – DARCO Hg, 3 lb/MMacf 
Day 4 – DARCO Hg, 6 lb/MMacf 
Day 5 – Change Sorbents/Contingency 

Full Load 
6AM-
6PM

Parametric Sorbent 
Injection Testing 
Week 3 

Dec
2006
Week 2 

Day 1 – Alt Sorbent 1, Rate TBD 
Day 2 – Alt Sorbent 1, Rate TBD 
Day 3 – Change Sorbents/Contingency 
Day 4 – Alt Sorbent 2, Rate TBD 
Day 5 – Alt Sorbent 2, Rate TBD 

Full Load 
6AM-
6PM

SO3 Mitigation  
Testing

Dec
2006
Week 3 

Test Co-Benefits of Sorbent Injection and Positive Results 
from SO3 Co-Benefits Analysis 

Full Load 
6AM-
6PM

Choose Long Term 
Test Parameters 

Jan
2007

Review Results from Parametric Tests 
Define Operating Conditions for Long-Term Tests 

Long-term Test Feb-Jul
2007

Operate at consistent injection concentration 24 hours a 
day, 6 months, while load following.  Conduct Manual 
Sampling tests during week 4, 12, and 20.  Sorbent and 
rate TBD.

Full Load 
only
during
Manual
Sampling 
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a Manual Sampling includes: ASTM M6784-02 (mercury), EPA draft M324 (mercury), 
EPA M5 or 17 (particulate), EPA M26a (halogens), Controlled Condensate (SO3), EPA 
M29 (Multi-Metals), CTM – 27 (Ammonia) 

Many signals typically archived by the plant will be monitored to determine if any 
correlation exists between changes in mercury concentration with measured plant 
operation.  A correlation is not unusual between temperature and load, for example.  A 
sample list of plant parameters and measurements to be collected can be seen in Table 5.

Table 5:  Data Collected During Field Testing 

Parameter Sample/signal/test Baseline Parametric/ 
Long-Term

Coal Batch sample Yes Yes

Coal Plant signals:  burn rate (lb/hr) 
quality (lb/MMBTU, % ash) 

Yes Yes

Fly ash Batch sample Yes Yes

SCR SCR Signals Yes Yes

Unit operation Plant signals:  boiler load, coal firing 
rate, excess O2, etc. 

Yes Yes

Temperature Plant signal: AH inlet and ESP 
inlet/outlet,  

Yes Yes

Temperature Full traverse ESP inlet, single port 
traverse from each ESP outlet duct 

Yes No

Duct Gas Velocity Full traverse at ESP inlet/outlet Yes No

Mercury (total and 
speciated)

Hg Monitors at ESP inlet/outlet Yes Yes

Mercury (total and 
speciated)

ASTM M6784-02 (Ontario Hydro) 
at ESP inlet/outlet 

Yes
(1 set) 

No/Yes
(2 sets) 

Multi-Metals
Emissions 

Method 29 at ESP inlet/outlet Yes, outlet No/Yes, outlet

Particulate
Emissions 

EPA Method 5 Yes Yes

HCl, HF, Br EPA Method 26A at ESP inlet/outlet Yes Yes

SO3 Controlled Condensate Yes Yes

Sorbent Injection 
Rate

PLC, lbs/min No Yes

Plant CEM data Plant signals: NOx, SO2, flow, opacity Yes Yes
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ESP Electrical 
Conditions

Plant signals: Sec mA, Sec. Voltage, 
Sparks, etc. 

Yes Yes

Upon completion of field testing and receipt of the subsequent laboratory 
analyses, ADA-ES will issue a formal test report.  The report will summarize testing 
activities, results, economic analyses and conclusions. 

Task 4. Coal, Ash, and By-Product Evaluation 
In conjunction with baseline, parametric and long term tests, solid samples of coal 

and ash will be taken.  Select samples will be analyzed to help determine the impact on 
fly ash quality and quantity, as well as disposal.  PSNH and ADA-ES will define 
responsibilities for obtaining samples of coal, fly ash, and other solid and liquid samples 
during testing. Figure 6 depicts the hopper configuration for ESP’s 1 and 2.  Table 6
presents a typical schedule for collecting samples. 
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Table 6:  Tentative Sample Collection Schedule 

Test
Condition

Type Frequency Comments

Coal Daily 1 liter

ESP Ash Daily:
One Hopper Each Field, Middle Row 
(e.g.4,12,20,28)  

2 samples per week: 
Four Inlet Hoppers (e.g. 1,3,5,7) 

1 liter 

1 liter 

Weekly: 
One Inlet Hopper

* If sample collection is possible 

5 gallon-Samples

SCR, Econ, AH 
Hoppers

Daily 1 liter

Baseline 

Bottom Ash* 2 samples per week 1 liter 

Coal Daily 1 liter

ESP Ash Daily:
One Hopper Each Field, Middle Row 
collected at end of test day 

1 liter Parametric 

Other Hoppers Daily 1 liter 

Coal Daily 1 liter

ESP Ash Daily:  
One Hopper Each Field, Middle Row 

2 samples per week: 
All Inlet Hoppers  

Weekly: 
One Inlet Hopper  

1 liter 

1 liter 

5 gallon - 
Samples

Bottom Ash* 2 samples per week 1 liter

Long-Term

Other Hoppers Daily 1 liter
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Ultimate and proximate, calorific value, mercury, and chlorine analyses will be 
performed on coal samples.  The ash will be analyzed for mercury and other tests such as 
alkalinity, size distribution, chlorine and fluorine, and metals such as selenium and 
arsenic will be considered.  Additional tests will be conducted to determine the 
environmental stability of the samples.  These tests include Toxicity Characteristic 
Leaching Procedure (TCLP, SW846-1311), synthetic groundwater leaching procedure 
(SGLP) and thermal stability tests.  If a chemically treated sorbent is chosen for long-
term tests, leaching of the chemical used in the treatment process will be reviewed.  Tests 
are also being discussed to determine the potential of microbial activity on mercury 
release.  A sample of the analyses included is presented Table 7. In addition to the 
collection and analysis of samples needed for this project, samples shall be collected in 
accordance with DOE/NETL requirements.  Such samples shall be made available for 
analysis at DOE/NETL’s discretion. 

Although previous tests from other DOE programs have shown that the 
byproducts mixed with activated carbon are highly stable, it is important to continue 
evaluating these byproducts for each condition using well-established and documented 
techniques, and new techniques designed to perform even more robust analyses of the 
byproducts.  Additional ash will be collected and archived for other tests, including tests 
requested by EPA, DOE, and independent companies approved by DOE and PSNH. 

Sample and data management is essential to track the large quantity of samples 
from various process streams at PSNH’s Merrimack Station.  ADA-ES has developed a 
Sample and Data Management System (SDMS) that will store test data from the 
evaluation.  These data can be used to generate reports, track sample history, and input 
results from laboratory analyses.   

For data control and security, access to the sample database is limited to the 
ADA-ES project manager, site manager, and sample manager.  Operators collecting 
samples will be able to upload information to the database and print sample labels and 
Chain-of-Custody forms.  ADA-ES will include results with regularly issued reports to 
the test team.

Table 7:  Summary of Byproduct and Waste Characterization Testing 

Series Test Purpose Test Method Comments

1 Ash Disposal TCLP (SW846-1311) Measures leachable Hg, As, Ba, Cd, 
Cr, Pb, Se, Ag 

2

Environmental 
Stability – 
Leaching

SGLP Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks 

3 Special Testing Various As needed for troubleshooting or site-
specific information needs. Per 
request, Total Metals (ppm) and 
Vanadium (ppm) content to be tested. 
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Tests will also be conducted to determine the potential effect of activated carbon 
injection on scrubber performance.  In particular, tests will be conducted on simulated 
samples to determine changes in settling and dewatering performance as a result of 
carbon injection.  The specific tests will be identified following discussions with PSNH 
laboratory personnel. 
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Task 5.  Technology Transfer 
Presentations will be made at selected conferences, with DOE approval, to 

increase exposure of the test results and receive comments on the applicability of the 
technology to the industry.  Transferring the information generated during this program 
to the coal-fired utility customers will be an important part of the program.  The ultimate 
goal of technology transfer is to make results available to the public as quickly, 
comprehensively and accurately as possible.  ADA-ES will work with PSNH and 
DOE/NETL in determining and supporting the key meetings, presentations and 
publications.  This test may also include technology transfer activities to New Hampshire 
public officials and other stakeholders. 

Task 6.  Management and Reporting 
This task provides time for overall program management, and preparation of 

financial and administrative reports.  This task will also support periodic meetings with 
DOE to discuss progress and obtain overall direction of the program from the DOE 
project manager. 

A.  Critical Path Milestones (Milestone Plan/Status) 

A Milestone Plan will be used as a planning tool to establish the time schedule for 
accomplishing the planned work.  The Milestone Plan serves as the baseline for tracking 
performance of the project and identifies critical path project milestones (no less than 2 
per calendar year) for the entire project.  The initial Milestone Plan is listed below in 
Table 8.  Any changes required as the project advances will be submitted to the DOE 
Project Officer for review and approval. 

Milestones Target Date

1. Design, Procure, and Install Equipment. October 2006 

2. Complete Baseline Tests. December 2006 

3. Complete Parametric Tests. February 2007 

4. Complete Long-Term Testing. November 2007 

5. Submit Final Report. Within 90 days of 
completion of project 

Table 8: Milestone Plan 
During project performance, the Recipient will report the Milestone Status as part 

of the required quarterly Progress Report as prescribed under US Dept of Energy “Notice 
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Of Financial Assistance Award”, Cooperative Agreement DE-FC26-06NT42780, 
Attachment 4, Reporting Requirements Checklist, Section 4.A.7-Progress Report.  The 
Milestone Status will present actual performance in comparison with Milestone Plan, and 
include: 

�� The actual status and progress of the project, 

�� Specific progress made toward achieving the project’s critical path 
milestones, and 

�� Any proposed changes in the projects schedule required to complete 
critical path milestones.  

B.  Deliverables 

Deliverables for this project will be submitted in accordance with the 
requirements of the “Federal Assistance Reporting Checklist”, which will be in the 
Cooperative Agreement. 

In addition to the required submittals listed above, the following technical plans 
and reports will be issued: 

�� Task 1 – Draft Test Plan 

�� Task 1 – Final Test Plan 

�� Task 1 – Draft QA/QC Plan 

�� Task 1 – Final QA/QC Plan 

�� Task 3.7 – Draft Scientific/Technical Report 

C. Briefings and Technical Presentations 

ADA-ES will provide project updates as necessary at the designated DOE/NETL 
facility.  Additionally ADA-ES will present a technical paper at the DOE/NETL Annual 
Contractors’ Review Meeting.  ADA-ES may also present project updates and results to 
New Hampshire officials and other stakeholders. 
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 Key Personnel 

Key personnel for the Merrimack tests are identified in Table 9. 

Table 9:  Key Project Personnel for Merrimack Mercury Field Evaluation 

Name Company Role Phone # E-MAIL/Cell Phone 

Andrew O’Palko DOE/NETL DOE/NETL 
Project Manager 

304 285-4715 andrew.opalko@netl.doe.g
ov

Paul Raichle PSNH
Merrimack 

Operations
Manager

603-224-
4081x182

raichpr@nu.com 

Art Auclair PSNH
Merrimack 

Senior Environmtl 
Coordinator

603-224-
4081x234

auclaaa@nu.com ; pager 
603-564-2334

Harold Keyes PSNH
Merrimack 

Station Manager 603-224-
4081x130

keyeshe@nu.com

Bill Smagula PSNH
Manchester

Director, PSNH 
Generation

603-634-2851 smaguwh@nu.com 

Jean Bustard ADA-ES Program Manager 303-734-1727 jeanb@adaes.com 
Tom Campbell ADA-ES Project Manager 303-791-7889 tomc@adaes.com; 303-

981-7287
Travis Starns ADA-ES Systems Manager 303-339-8857 traviss@adaes.com 

303-921-8150
Sharon Sjostrom ADA-ES Hg Monitors and 

Technical Expert 
303-339-8841 sharons@adaes.com 

303-919-8538
Richard Schlager ADA-ES Contracts 303-339-8855 Richards@adaes.com 
Connie Senior Reaction

Engineering
Tech Expert: Coal 
and Byproducts, 
Flow Modeling 

801-364-6925
ext 37 

senior@reaction-eng.com

Rich Miller ADA-ES Technical Expert 610-760-1555 richm@adaes.com 
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Note 1: 200 – 300lb/hr, low injection rate at night. 
Note 2: 650lb/hr, low injection rate at night. 
Note 3: Trona injection planned for upstream of APH, monitoring APH pressure 
drop will continue during testing. 
Note 4: ESP parameters will be monitored during testing. 



The table below has been set up a guideline for the testing and sampling the week of 
October 30th.  A couple of notes to add on to the testing: 

1. Charles and Steve will have days. Both have experience with the Sorbent 
Screening Device and Charles saw how we were operating the unit the week of 
Oct 23rd. Paul Brignac will cover nights. 

2. E.ON Engineering will be setting up on Monday, October 30th. I expect Paul and 
Charles (assuming you have one car, if not, only one has to stop) to stop by the 
plant on Monday after arrival to check on the status of the E.ON set up. 

3. E.ON sample port to be port 28, the port just upstream of the inlet ESP. 
4. On Tuesday, I want E.ON to take one sample in the morning to verify their SO3 

numbers from last test. Start Trona injection after the E.ON test, but no later than 
12pm. There is a written procedure for starting up injection system laying in the 
CEM trailer next to the fax machine. Have Paul stop by Tuesday morning to walk 
Charles and Steve through the procedure, since he was there for the last start up. 

5. E.ON will run a series of tests on Tuesday afternoon after Trona injection is 
established and then a series of tests on Wednesday after the plant has lowered 
flue gas temperatures and plant parameters has stabilized. E.ON move off day is 
scheduled for Thursday. 

6. Our man lift has been parked south of the Supplemental ESP. 
7. There may be two changes to the schedule: 

a. Friday is scheduled to drop injection rate to 525lb/hr. We will discuss that 
plan with plant prior to dropping injection rate. 

b. Saturday is scheduled to test until silo is empty. We may delay emptying 
silo and hold 6,000lb of Trona in silo for a one day test with ACI injection 
after the parametric silo is installed. 

8. Silo installation has been delayed for one week. So if you see Dave Graham out 
there looking lost, it’s because I was unable to contact him prior to his departure. 

9. Saturday testing, if it occurs, will test at normal injection rate of 625lb/hr of Trona 
with normal plant temperatures. 

10. Goal of testing is to test a full suite of SSD traps with Trona at 625lb/hr and 
lowered APH outlet temperatures. Follow on testing will test an Hg-LH trap and 
one to two other sorbents each day. 

11. One safety note with Trona: Trona has the unplanned side effect of forming 
sodium bisulfates when injected at a lower rate than a 1:1 molar ratio. This will 
plug the air heater. That will occur when Trona drops below approximately 525 – 
550lb/hr. So if we cannot maintain above that, stop injection and reevaluate. 

12. Ensure we talk to the plant operator prior to swapping his screens to take manual 
logs. 



1. Trona injection at 525lb/hr will be discussed with the plant. Whether we drop 
temperatures or not on that day will also be discussed. 
 

       COAL 

Day1 Mon 10/30   
Hg CEM, 
modLDP 

E.ON set up 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 2 Tues 
Trona 

Injection  
625 

Hg CEM, 
modLDP, 

SSD, E.ON 

E.ON 
sample prior 

to Trona, 
after Trona 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 3 Wed 

Trona 
Injection, 

Lower APH 
Outlet T  

625 
Hg CEM, 
modLDP, 

SSD, E.ON 

Fly Ash 
Sample to 

Headwater, 
E.ON 

sample after 
lower APH 

outlet T 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 4 Thur 

Trona 
Injection, 

Lower APH 
Outlet T 

625 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 5 Fri 
Trona 

Injection 
525(1) 

Hg CEM, 
modLDP, 

SSD 
 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 6 Sat 
Trona 

Injection 
625 

Hg CEM, 
modLDP, 

SSD 

Continue 
Trona 

Injection 
until depleted 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 7 Sun   
Hg CEM, 
modLDP,  

Baseline SSD Fly Ash: by 
row 1/1 



       COAL 

Week4/Day1 

Mon 

10/16 

MgO 
Injection 

Lower APH 
Outlet T 

180 

Hg CEM, 
modLDP, 

outlet STM, 
SSD 

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 2 Tues 

MgO 
Injection 

Lower APH 
Outlet T 

120 

Hg CEM, 
modLDP, 

outlet STM, 
SSD  

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 3 Wed 
MgO 

Injection,  
180 

Hg CEM, 
modLDP, 

outlet STM, 
SSD 

Continue 
MgO 

Injection 
until 

depleted 

Fly Ash: by 
row 1/1 

Day 4 Thur 
MgO 

Injection,  
180 

Hg CEM, 
modLDP,  

 Fly Ash: by 
row 1/1/1 

Day 5 Fri 
MgO 

Injection,  
180 

Hg CEM, 
modLDP,  

Silo Load 
Cell 

Installation 

Fly Ash: by 
row 1/1/1 

Day 6 Sat   
Hg CEM, 
modLDP, 

 Fly Ash: by 
row 1/1/1 

Day 7 Sun   

Hg CEM, 
modLDP, 

outlet STM, 
SSD 

Baseline SSD Fly Ash: by 
row 1/1 

 
 
 
 
 
 



 
       COAL 

Week5/Day1 

Mon 

10/23 

Trona 600 
Hg CEM, 
modLDP,  

Baseline 
SSD, Load 

Trona, Begin 
Injection 

Fly Ash: by 
row 1/1 

Day 2 Tues Trona 600 
Hg CEM, 
modLDP  

Stop 
injection, 

sample and 
wait 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 3 Wed   
Hg CEM, 
modLDP  

  1/1/1 

Day 4 Thur   
Hg CEM, 
modLDP,  

  1/1/1 

Day 5 Fri   
Hg CEM, 
modLDP,  

  1/1/1 

Day 6 –7 Sat-Sun   
Hg CEM, 
modLDP 

  1/1/1 

 
 
 
 
 
 
 
 
 



 
       Coal 

Week6/Day1 

Mon 

10/30 

  
Hg CEM, 
modLDP  

Assume 
decision on 

ash 
disposal 

 1/1/1 

Day 2 Tues Trona 600 
Hg CEM, 
modLDP  

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 3 Wed Trona Optimize 
Hg CEM, 
modLDP  

 Fly Ash: by 
row 1/1 

Day 4 Thur 
Trona 

Lower APH 
Outlet T 

Optimized 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

Load Trona 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 5 Fri 
Trona 

Lower APH 
Outlet T 

Optimized 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

1/1 

Day 6 Sat Trona  Optimized 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

 Fly Ash: by 
row 1/1 

Day 7 Sun Trona Optimized 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

Continue 
Trona 
Injection 
until depleted 

Fly Ash: by 
row 1/1 

 



        

Week3/Day1 Wed 
MgO 

Injection 
180 

Hg CEM, 
modLDP  

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

 

Day 2 Thur 
MgO 

Injection 
180 

Hg CEM, 
modLDP  

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

 

Day 3 Friday 

MgO 
Injection, 

Lower APH 
Outlet T 

180 
Hg CEM, 
modLDP  

 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 

 

Day 4 Sat 

MgO 
Injection, 

Lower APH 
Outlet T 

180 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

 Fly Ash: by 
row 

 

Day 5 Sun 

MgO 
Injection, 

Lower APH 
Outlet T 

180 

Hg CEM, 
modLDP, 

SSD, outlet 
STM 

 Fly Ash: by 
row 

 

Day 6 –7 Mon-Tues  180 Hg CEM 

Continue 
MgO 
Injection 
until depleted 

Fly Ash: 
ESP1 Row 
A – each 
hopper, 
other 

samples by 
row 
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Silo Descriptions 

Transportable Silo for Co-Benefit and Parametric Testing 

The initial PAC silo installed for Parametric and Co-Benefit testing at PSNH Merrimack was a 

transportable carbon injection system, shown installed at PSNH Merrimack Station in Figure 1. The silo 
consists of a bulk-storage silo and twin blower/feeder trains.  PAC is delivered via bulk pneumatic trucks 
and loaded into the silo, which is equipped with a bin vent bag filter.  From the discharge section of the 
silo, sorbent is metered by variable speed screw feeders into eductors that provide the motive force to 
carry the sorbent to the injection point.  Blowers provide the conveying air.  A Programmable Logic 
Controller (PLC) is used to control system operation and adjust injection rates.  The silo is approximately 
50 feet high and 10 feet in diameter and has an empty weight of 10 tons.  The silo holds 20 tons of 
sorbent.  Flexible hose carries the sorbent from the feeders to distribution manifolds located on the flue 
gas ducts, feeding the injection probes.  Each manifold supplies up to six/eight injectors. 

This silo was purchased as scrap from the Brayton Point plant and refurbished locally in New England. 
The silo was then transferred to Hardin, MT to support further DOE Phase II mercury testing. 

  



Figure 1: Test Silo at PSNH Merrimack Station 
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1-1 

1.0  INTRODUCTION AND SUMMARY OF RESULTS 

1.1 General Overview 

Eastmount Environmental Services, LLC of Newburyport, Massachusetts was retained by ADA-ES, 
Inc. of Littleon, CO to conduct non-compliance emission testing on their behalf at Public Service of 
New Hampshire’s (PSNH’s) Merrimack Station.  Testing was conducted in order to determine MK2 
emission rates as well as Removal Efficiency (RE) for Particulate Matter (PM) and halides (HCl, HF, 
HBr) while Trona and carbon were being injected.  A summary of the primary parties involved in this 
test program is presented in Table 1-1. 

1.2 Test Program Summary 

Emission testing consisted of one set of three 60-minute test runs conducted concurrently at the air 
pre-heater outlet (old ESP inlet) and the MK2 outlet stack platform.  Each test run was comprised of 
measurements for PM and halides at both test locations.  All measurements were conducted in 
accordance with EPA Methods 1 through 5 and 26A for PM and halides, respectively.   The average 
particulate removal efficiency for the test program was 99.13% while all three halides experienced a 
negative removal efficiency.  A complete summary of the air preheater outlet and MK2 outlet emission 
rates and removal efficiencies for each test run are presented in Tables 1-2 and 1-3, respectively. 

1.3 Final Report Organization 

The remainder of this Final Report is divided into three additional sections.  Section 2 provides a 
facility/source and sampling location description.  Section 3 provides a description of the flue gas 
monitoring procedures, while Section 4 addresses the quality assurance/quality control aspects of the 
program.  Copies of all supporting emission calculations and field data sheets for the air preheater and 
stack outlets are presented in Appendices A1 and A2, respectively; while all M5 and M26A laboratory 
analyses are presented in Appendices B1 and B2, respectively.  Additionally, facility process data is 
presented in Appendix C, while equipment certification sheets are presented in Appendix D.   
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Table 1-1 Test Program Informational Summary 

Station/Source Information 
Facility Name: 

Facility Address: 

Facility Contact: 
Phone: 

PSNH / Merrimack Station 
97 River Rd. 
Bow, NH 03304 
Mr. Roger Deshaies 
(603) 224-4081 x173 

Client Information 
Name: 

Address:

Primary Contact: 
Phone: 

ADA-ES, Inc. 
8100 South Park Way, Unit B 
Littleton, CO  80120 
Mr. Tom Campbell 
(303) 981-7287 

Test Firm Information 
Test Organization: 

Address:

Contact: 
Title:

Phone: 
FAX:

Eastmount Environmental Services, LLC 
65 Parker Street, Unit 3 
Newburyport, MA  01950 
Mr. David Caron 
Vice President/Monitoring Services 
(978) 499-9300 x11 
(978) 499-9303 
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Table 1-2  Air Pre-heater Outlet Emission Summary – MK2 

Parameter Units Run 1 Run 2 Run 3 Average

gr/dscf 1.63 1.33 1.08 1.35

lb/hr 9744.0 8999.0 6339.9 8361.0

ppm 33.09 22.77 41.88 32.58

lb/hr 130.18 101.45 162.13 131.26

ppm 4.52 3.23 5.56 4.44

lb/hr 9.76 7.89 11.82 9.82

ppm 0.17 0.11 0.19 0.16

lb/hr 1.48 1.13 1.65 1.42

Parameter Units Run 1 Run 2 Run 3 Average

Test Date MM/DD/YY 3/27/2008 3/27/2008 3/27/2008 -

Start Time HH:MM 8:35 11:55 15:10 -

End Time HH:MM 9:59 14:42 17:27 -

Stack Flow dscfh 41,684,806 47,201,164 41,019,929 43,301,966

Stack Temp F 340.3 351.2 340.3 343.9

Stack Moist. % 5.2% 6.8% 8.0% 6.6%

Stack Velocity ft/sec 42.9 50.5 43.9 45.7

Oxygen % 7.30 5.30 3.50 5.37

Carbon Dioxide % 11.50 14.00 14.20 13.23

Isokinetic Rate % 92.2 96.8 99.2 96.1

 - General Run Information -

 - Summary of Emissions Parameters - PSNH Merrimack Unit 2 Air Pre-Heater Outlet -

Particulate Matter

Hydrogen Bromide

Hydrogen Fluoride

Hydrogen Chloride
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Table 1-3  Stack Outlet Emission Summary – MK2 

Parameter Units Run 1 Run 2 Run 3 Average

gr/dscf 0.0172 0.0116 0.0081 0.0123

lb/hr 104.32 69.85 48.46 74.21

%RE 98.93 99.22 99.24 99.13

ppm 39.22 35.10 38.47 37.60

lb/hr 156.57 139.34 150.90 148.94
%RE -20.27 -37.35 6.93 -16.90
ppm 4.76 4.37 4.75 4.63

lb/hr 10.44 9.52 10.21 10.06

%RE -6.90 -20.67 13.55 -4.67

ppm 0.84 0.74 0.77 0.78

lb/hr 7.46 6.50 6.73 6.90

%RE -403.97 -476.87 -308.33 -396.39

Parameter Units Run 1 Run 2 Run 3 Average
Test Date MM/DD/YY 3/27/2008 3/27/2008 3/27/2008 -

Start Time HH:MM 8:35 11:55 15:10 -

End Time HH:MM 9:59 14:42 17:27 -

Stack Flow dscfh 42,295,317 42,057,113 41,560,073 41,970,834

Stack Temp F 339.3 339.3 339.3 339.3

Stack Moist. % 5.5% 6.4% 7.3% 6.4%

Stack Velocity ft/sec 93.1 93.4 93.1 93.2

Oxygen % 7.70 7.50 7.00 7.40

Carbon Dioxide % 11.00 11.50 11.50 11.33

Isokinetic Rate % 93.5 100.0 100.1 97.9

 - General Run Information -

 - Summary of Compliance Parameters - PSNH Merrimack Unit 2 Stack -

Particulate Matter

Hydrogen Bromide

Hydrogen Chloride

Hydrogen Fluoride
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2.0  FACILITY / SOURCE DESCRIPTION AND SAMPLING POINT LOCATIONS 
SUMMARY

2.1 Facility Description 

Merrimack Station is a fossil fuel fired electric generating facility located in Bow, New Hampshire.  
Merrimack Station is PSNH’s prime base load plant, capable of generating 475 net megawatts of 
electricity.  Merrimack Station is comprised of two coal-fired cyclone utility boilers (MK1 and MK2), two 
combustion turbines presently operating as load shaving units (CT1 and CT2), an emergency boiler, 
an emergency generator, primary and secondary coal crushers, and the necessary support equipment 
to generate electricity.   

2.2 Source Description – MK2 

Unit 2 is a multiple cyclone (7) coal-fired utility boiler rated at 320 MW net.  The emission controls for 
the unit consist of two Electrostatic Precipitators (ESPs), operated in series, for reduction of particulate 
emissions and a Selective Catalytic Reduction (SCR) system for reduction of NOx emissions.  Unit 2 is 
equipped with a dilution based CEMS located on the exhaust stack.  The CEMS measures and reports 
opacity, CO2, SO2, NOx and gas flow rate in accordance with Part 75 requirements. 

2.3 Sampling Configuration – MK2 Air Pre-Heater Outlet 

Simultaneously with stack sampling, Eastmount conducted testing in accordance with EPA Method 1-5 
and 26A at the air pre-heater outlet (old ESP inlet).  This location consists of two horizontal breechings 
that are each 33’ 10” wide and 6’ 4” deep.  Each breeching has multiple sampling ports.  Eastmount 
selected four ports on each breaching and conducted a preliminary velocity traverse in accordance 
with Method 1 point selection at three traverse points per port, for a total of 24 traverse points.  From 
the preliminary traverse, ports B, D and G were selected as being the most representative and one test 
run was conducted via a three point traverse during each test run.   A schematic detailing the duct 
configuration and associated traverse points is presented in Figure 2-1. 

2.4 Sampling Configuration – MK2 Stack 

During the test program, Eastmount conducted measurements at the stack platform location in 
accordance with the requirements of EPA Methods 1-5 and 26A.  Due to the large nature of the stack 
Eastmount utilized all four test ports (located at 90 degrees to each other) during each test run.  A 
schematic detailing the stack configuration as well as the applicable traverse points is presented in 
Figure 2-2.
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Figure 2-1 Sampling Configuration/Traverse Point Selection – MK2 Air Pre-Heater Outlet 

Stack Configuration (Per Breaching) 

Description Distance Equivalent Diameters 

Upstream (A) 6‘ n/a 

Downstream (B) n/a n/a 

Width (C) 33’ 10” NA 

Depth (D) 6’ 4” NA 

Equivalent Diameter 10.7’ 

Number of Ports / 
Breeching 4

Traverse Points (per diameter) 

Traverse Points % of diameter Distance (inches) 

1 n/a 12.7 

2 n/a 38.0 

3 n/a 63.3 

Note:   Fixed gases were determined via Fyrite (Method 3) analysis of integrated 
bags collected from points selected in accordance with EPA Method 1. 

D

C
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Figure 2-2 Sampling Configuration/Traverse Point Selection – MK2 Stack Outlet 

Stack Configuration 

Description Distance Equivalent Diameters 

Upstream (A) 88’ 5.4 

Downstream (B) 149’ 9.2 

Diameter (C) 194” NA 

Number of Ports 4 NA 

Traverse Points (per diameter) 

Traverse Points % of diameter Distance (inches) 

1 4.4 12.5 

2 14.6 32.3 

3 29.6 61.4 

4 70.4 140.6 

5 85.4 169.7 

6 95.6 189.5 

Note:   Fixed gases were determined via Fyrite (Method 3) analysis of integrated 
bags collected from points selected in accordance with EPA Method 1. 

Exit

A

B

Flow

C

Sampling Ports 



Work Performed for ADA-ES at PSNH / Merrimack Station - Bow, NH 
Particulate and Halide Removal Efficiency Testing during Trona and Carbon Injection, MK2 – Final Report 

May 2008 
P:\2008 Projects\08-049\REPORT\08-049 final report.doc

3-1 

3.0   TEST PROCEDURES 

3.1 Overview 

This section provides in depth detail to each of the components that as a whole comprised the 
compliance test program.   

3.2 Methods 1-2 (Velocity and Temperature Profile) 

All mass based emission limits during this test program required Eastmount to conduct velocity 
traverses in accordance with EPA Methods 1-2, 40CFR60, Appendix A.  The system components 
necessary to conduct this testing are detailed below.  

� Pitot Tube - A Type “S” pitot tube was used to measure all gas velocities during the 
compliance test program.  The pitot tubes met all of the dimensional criteria set forth in Method 
2, therefore a coefficient of 0.84 was used. 

� Pitot Lines - The pitot tube was connected to a manometer via leak free Tygon and/or teflon 
tubing. 

� Manometer - An inclined manometer capable of measuring up to ten inches of water column 
pressure drop was used. 

� Thermocouple - A "K" type thermocouple was used to monitor the stack temperature at each 
traverse point.  

� Static Pressure – One static pressure measurement was conducted during each test run by 
rotating the pitot tubes perpendicular to the direction of flow, disconnecting the negative pitot (if 
positive) and recording the deflection of the manometer. 

� Barometric Pressure - The barometric pressure was determined on-site using an aneroid 
barometer that is previously calibrated at Eastmount's laboratory using a NIST traceable 
mercury barometer. 

� Gas Molecular Weight Determination - The O2 and CO2 content of the sample gas was 
determined via Fyrite analysis conducted in accordance with EPA Method 3, 40CFR60, 
Appendix A.  Prior to analysis, the sample was collected via a multipoint integrated collection 
procedure.  The sample was collected from the exhaust port of the Method 5/26A sampling 
train dry gas meter which allows a portion of the stream to be diverted through a rotameter and 
into a flexible (tedlar bag). 
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3.3 Method 4 (Moisture) 

Moisture from each isokinetic sampling train (Method 5/26A) was determined in accordance with 
procedures delineated in Section 2 (Reference Method) of EPA Method 4, 40 CFR 60, Appendix A.  A 
synopsis of the procedure is presented below. 

1. Sample Train Preparation – Sample train preparation consisted of the following: 

� Initially load train in accordance with Method 26A absorbing solutions (total of 
200ml). 

� Place 200 grams of silica gel in the last impinger. 
� Record Initial volumes and weights on the field data for each impinger. 
� Assemble entire sampling train. 

2. Pre-Test Leak Check - The system was leak checked at fifteen inches of vacuum 
(15"Hg).  A leak rate of less than 0.02 CFM was achieved prior to the start of sampling. 

3. Sampling – Collected a sample at an approximate rate of 0.75 dscfm.  Recorded 
sample gas volume, system vacuum and dry gas meter temperatures (in and out) at 
regular intervals for the duration of each test run.  

4. Post-Test Leak Check - Upon completion of each test run, the system was leak 
checked at or above the highest vacuum recorded during that run.  All leak checks had 
to be less than 0.02 CFM to be considered acceptable. 

5. Sample Recovery - The impingers were recovered quantitatively for determination of 
net condensate gain. 

3.4 Method 5 (Particulate Matter) 

Particulate matter was measured using EPA Methods 1 through 5.  Particulate was measured in 
conjunction with the EPA Method 26A train.  Method 5 measurements include the determination of 
the proper number of sampling points and their locations in the stack (RM1), stack velocity and 
volumetric flow rate (RM2), stack gas molecular weight (RM3) and stack gas moisture content 
(RM4).  The train was an EPA Method 5-type isokinetic sampling train.  Sampling was conducted 
isokinetically for a period of 60 minutes per run, collecting a minimum of 30 dry standard cubic feet. 

The sampling train consisted of a metals nozzle, Teflon-coated stainless steel union, graphite 
ferrule, heated glass-lined probe, a glass filter holder, heated quartz glass filter, Teflon filter support, 
and a series of impingers.  Please refer to Section 3.5 for a description of the impinger 
configuration.  All glassware was thoroughly cleaned and sealed as per EPA Methods 5 and 26A 
prior to mobilization.   
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All filters and beakers were weighed before and after sampling in strict accordance with the Method 
and the EPA Quality Assurance Handbook.  They were desiccated for at least 24 hours, and then 
weighed at six-hour intervals until two consecutive weighings demonstrated a constant weight, +
0.5 milligrams.   

Prior to sampling, the K-factor was established, the train was assembled and leak checked.  After 
the probe and filter box reached the desired operating temperature, the probe was placed in the 
stack, and isokinetic sampling took place. 

At the completion of isokinetic sampling, the train was leaked checked, disassembled, and sealed.  
All train recovery procedures were be conducted in accordance with EPA Method 5.  The filter was 
carefully removed from the filter holder, placed in a labeled petri dish and stored in a portable 
desiccator.  The nozzle, probe and filter holder front half were thoroughly brushed and rinsed with 
acetone into a container labeled for identification.  Volumes were noted and liquid levels marked. 

A set of reagent blanks were also taken for analysis along with the samples. The impinger 
condensate was measured in a graduated cylinder for determination of moisture in the flue gas. 

Particulate samples were analyzed gravimetrically at Eastmount Environmental in accordance with 
the method.  The acetone rinses were evaporated to dryness in tared beakers.  All filters and 
beakers were desiccated before and after sampling for 24 hours, and weighed at 6-hour intervals 
until two consecutive weights were within +0.5 mg.  Additional information can be found in the 
Quality Control Procedures section of this report.   

3.5 Hydrogen Chloride, Hydrogen Fluoride, and Hydrogen Bromide  -  EPA Method 26A 

HCl, HF and HBr emissions were measured utilizing EPA Method 26A at the back half of the EPA 
Method 5 train.  This method utilizes a Method 5-type isokinetic sampling train with a glass nozzle, 
Teflon union (or Teflon-coated stainless steel union), glass-lined probe, a glass filter holder, heated 
quartz filter with Teflon support frit and five impingers.  The first and second impingers were each 
loaded with 0.1N sulfuric acid (H2SO4).  The third was empty.  The fifth impinger contained a known 
amount of silica gel. 

Prior to mobilization, all glass and Teflon train components were thoroughly cleaned in hot soapy 
water, thoroughly rinsed with DI water, allowed to dry, and sealed with parafilm. 

In accordance with the method, all four impingers were measured before and after sampling and 
the data recorded.  The first and second impinger solutions were quantitatively recovered from the 
train using deionized water, and transferred to a glass sample bottle with a Teflon-lined lid.  These 



Work Performed for ADA-ES at PSNH / Merrimack Station - Bow, NH 
Particulate and Halide Removal Efficiency Testing during Trona and Carbon Injection, MK2 – Final Report 

May 2008 
P:\2008 Projects\08-049\REPORT\08-049 final report.doc

3-4 

impingers and their connecting glassware were rinsed three times with deionized water into the 
sample jar.  Impinger 3 was measured for moisture gain, and the contents along with three DI H2O
rinses were added to the sample jar.  The contents of impinger four were weighed and discarded. 

Samples were analyzed via ion chromatography by Maxxam Analytics of Burlington, Ontario.   
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4.0  QUALITY ASSURANCE/QUALITY CONTROL 

4.1 Overview 

Strict QA/QC protocols were followed during all phases of this project.  These protocols included: 

 • QA objectives for measurement data; 

 • Data reduction; 

 • Internal QC; 

 • Calibration of equipment; 

 • Corrective action, if necessary; and 

 • Use of standardized field data sheets. 

The following sections summarize specific aspects of the compliance program. 

4.2 Volumetric Flow Rate  

The reference method sample trains were leak-checked prior to and following each test run.  This 
ensured that a representative sample from the stack was drawn during each run. 

Reference Method 1 was used for the selection of traverse points.  Method 2 was used for the 
determination of volumetric flow.  Method 3 was used for the collection of fixed gases during each test 
run and Method 4 was used for the determination of moisture. 

4.2.1 Methods Equipment Calibrations 

Eastmount’s meter boxes, pitot tubes, thermocouples and barometers are maintained in accordance 
with specifications set forth in EPA "Quality Assurance Handbook for Air Pollution Measurement 
Systems - Volume III Stationary Source Specific Methods" Section 3.3.5 dated January 15, 1980 and 
with manufactures suggested procedures.  A summary is presented below: 

� Dry Gas Meter and Orifice Meter/EPA Method 5 – All dry gas meters are calibrated using 
calibrated critical orifices, according to CFR 40, Part 60, Appendix A, Method 5, Section 16.2. 
The orifice meters in the meter control boxes are calibrated against the calibrated critical 
orifices and checked against the dry gas meters to which they are attached. 

� Balance - All analytical balances are calibrated against Class M weights.  A daily onsite check 
is also conducted using a Class S weight. 
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� Thermocouples - All type K thermocouples are calibrated against ASTM mercury in glass 
thermometers at three points. The first point is in an ice bath (0ºC), the second point is in boiler 
water (100ºC) and the third point is in heated oil (~220ºC). 

� Pitot Tubes - All Type "S" stainless steel pitot tubes are designed to meet the dimensional 
criteria set forth in Method 2, therefore a coefficient of 0.84 (Type “S”) was used. 
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EXECUTIVE SUMMARY 
 

Air Sampling Associates, Inc. conducted source testing on the Public Service of New 

Hampshire (PSNH), Merrimack Station, Unit No. 2, located in Bow, New Hampshire.  

The testing was conducted for a Department of Energy (DOE) mercury control 

technology evaluation project.  The purpose of the test was to characterize the flow rate 

and determine the mercury concentrations at the Inlet of the Original Electrostatic 

Precipitator (ESP), Outlet of the Original ESP, Inlet to the Supplemental ESP, Mid Duct 

to the Supplemental ESP, Stack Inlet from the Supplemental ESP, and the Stack 

sampling locations.  The testing was conducted on September 26 through September 

29, 2006. 

 

The sampling team consisted of Mr. Gary Goldman, Mr. Patrick Selakovich, and Mr. 

Scot Jackson.  Mr. Goldman was the test team leader. 

 

The procedures set forth in Title 40 of the Code of Federal Regulations, Part 60 

(40CFR60), Appendix A, Test Methods 1, 2, 3, and 4; and Proposed EPA Test Method 

324 were followed during testing.   

 

 

 

 

 

 

 

 

 

_______________________________ 
              Billy J. Mullins, Jr. P.E., Q.E.P., D.E.E.
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DISCUSSION OF SAMPLING RESULTS 
 

Flow Rate 

 

The tests for flow rate, using EPA Test Methods 1, 2, 3, and 4, appeared to be an 

accurate representation of the actual emissions during the tests.  All leak checks 

performed on the reference method sampling train and pitot tubes showed no leaks 

before or after testing.   

Mercury 

 

The eleven tests for mercury using Proposed EPA Test Method 324 appeared to be an 

accurate representation of the actual emissions during the tests.  All leak checks 

performed on the reference method sampling trains showed no leaks before or after 

testing.   
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DESCRIPTION OF SAMPLING LOCATION 

The sampling ports on the Unit No. 2 Stack are approximately 232 feet 3 inches above 

the ground.  The sampling ports are located 157 feet 3 inches (9.97 stack diameters) 

downstream from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) 

upstream from the outlet to the stack. 

 

The sampling ports on the Stack Inlet from the Supplemental ESP are approximately 75 

feet above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Mid Duct to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Inlet to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Outlet to the Original ESP are approximately 75 feet above 

the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 
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DESCRIPTION SAMPLING LOCATION 
 

Figure 1: Unit No. 2 
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SAMPLING AND ANALYTICAL PROCEDURES 
 

The procedures set forth in the Code of Federal Regulations, Title 40, Chapter 1, Part 

60, Appendix A, Test Methods 1, 2, 3, and 4; and Proposed EPA Test Method 324 were 

followed during testing. 

 

Flow Rate 

 

Velocity traverses were made according to EPA Test Method 2 at each port at the 

Stack, Stack Inlet from the Supplemental ESP (Port D), Stack Inlet from the 

Supplemental ESP (Port B), Inlet to the Supplemental ESP (Port C), Outlet from the 

Original ESP (Port G), Mid Duct to the Supplemental ESP (Port A), Outlet from the 

Original ESP (Port C), Inlet B of the Original ESP (Port F) Inlet B of the Original ESP 

(Port B), Inlet A of the Original ESP (Port C), and Inlet A of the Original ESP (Port G) 

sampling locations in order to determine the uniformity and magnitude of the flow.  

Multiple traverse points were sampled from each port.  Diagrams of the sample points 

for each sampling location are provided in Appendix A. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

Moisture samples were taken according to EPA Test Method 4 at the Stack, Stack Inlet 

from the Supplemental ESP, Inlet to the Supplemental ESP, and Inlet to the Original 

ESP sampling locations.  For each run, samples of 30 minute duration were taken at a 

single traverse point.  Data was recorded at 5-minute intervals. 
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The sampling train was leak-checked at the end of the sampling probe at 15" of mercury 

vacuum before each test, and again at the conclusion of each test at the highest 

vacuum recorded during sampling.  This was done to predetermine the possibility of a 

diluted sample. 

 

The ‘front-half’ of the sampling train contained the following components: 

In-stack filter 
Heated Stainless Steel probe @ 248°F ± 25°F 
Heated Teflon line @ 248°F ± 25°F 
 

The ‘back-half’ of the sampling train contained the following components: 

 

Table 4: EPA Method 4 Condenser/Absorbing System 

Impinger No. Impinger Type Absorbing Solution 

1 Modified 100 ml H2O 

2 Greenburg-Smith 100 ml H2O 

3 Modified Empty 

4 Modified  ~200 g silica gel 

 

Grab ORSAT samples were taken according to EPA Test Method 3 at the Stack, Stack 

Inlet from the Supplemental ESP, Inlet to the Supplemental ESP, and Inlet to the 

Original ESP sampling locations to determine flue gas molecular weight.   
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Figure 2: EPA Test Methods 2 and 4 Sampling Train 
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Mercury 

 

Mercury samples were taken according to Proposed EPA Test Method 324.  Samples of 

60 minute duration were taken from a single traverse point at the Stack, Stack Inlet from 

the Supplemental ESP (Port D), Stack Inlet from the Supplemental ESP (Port B), Inlet to 

the Supplemental ESP (Port C), Outlet from the Original ESP (Port G), Mid Duct to the 

Supplemental ESP (Port A), Outlet from the Original ESP (Port C), Inlet B of the Original 

ESP (Port F) Inlet B of the Original ESP (Port B) sampling locations.  Samples of 30 

minute duration were taken from a single traverse point at the Inlet A of the Original 

ESP (Port C) and Inlet A of the Original ESP (Port G) sampling locations.  The reduced 

sampling duration at the Inlet A of the Original ESP (Port C) and Inlet A of the Original 

ESP (Port G) sampling locations was due to the high dust loading at those locations. 

Data was recorded manually at the beginning of each run and again at the conclusion of 

each run. 

 

The sampling train was leak-checked at the end of the sampling probes at 15" of 

mercury vacuum before and after each test.  This was done to predetermine the 

possibility of diluted samples. 

 

The sampling train consisted of paired sorbent traps, dual heated sample probes, dual 

Teflon samples lines, and dual moisture removal systems. 
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Figure 3: Proposed Test Method 324 Sampling Train 

Sampling Console 
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TEST NARRATIVE
 

Air Sampling Associates, Inc. personnel arrived at the Public Service of New 

Hampshire, Merrimack Station, located in Bow, New Hampshire, at 10:15 a.m., on 

Tuesday, September 26, 2006.  All times are reported as Eastern Standard Time.  After 

meeting with plant personnel, the test trailer was set in place.  The sampling equipment 

was moved onto the Unit No. 2 Stack and secured.  Personnel departed the plant at 

7:00 p.m. 

 

Personnel returned to the plant at 7:30 a.m. on Wednesday, September 27, 2006.  The 

sampling equipment was prepared for testing.  Testing was postponed due to unit 

operational problems.  The equipment was secured for the night and personnel 

departed the plant at 1:15 p.m. 

 

Personnel returned to the plant at 7:30 a.m. on Thursday, September 28, 2006.  The 

sampling equipment was prepared for testing.  The first test for flow rate on the Unit No. 

2 Stack began at 11:09 a.m. and was completed at 11:39 a.m.  The first test for mercury 

on the Unit No. 2 Stack began at 11:17 a.m. and was completed at 12:17 a.m.  The 

sorbent tubes were recovered and analyzed.   

 

The sampling equipment was moved to the Stack Inlet from the Supplemental ESP and 

was prepared for testing. The first test for flow rate on the Stack Inlet from the 

Supplemental ESP began at 3:55 p.m. and was completed at 5:40 p.m.  The first test for 

mercury on the Stack Inlet from the Supplemental ESP began at 3:46 p.m. Testing 

continued until the completion of the second test at 6:21 p.m.  The sorbent tubes were 

recovered and analyzed.  The sampling equipment was moved to the Mid Duct to the 

Supplemental ESP and secured for the night.  Personnel departed the plant at 7:30 p.m. 
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Personnel returned to the plant at 7:00 a.m. on Friday, September 29, 2006.  The 

sampling equipment was prepared for testing.  The first test for flow rate on the Mid 

Duct to the Supplemental ESP began at 9:40 a.m. and was completed at 10:18 a.m.  

The sampling equipment was moved to the Outlet from the Original ESP and prepared 

for testing.  The first test for flow rate on the Outlet from the Original ESP began at 

11:20 a.m. and was completed at 11:50 a.m.  The sampling equipment was moved to 

the Inlet to the Original ESP and prepared for testing.  The first test for flow rate at the 

Inlet to the Original ESP began at 5:23 p.m. and was completed at 6:35 p.m.  The 

sampling equipment was moved to the Inlet to the Supplemental ESP and prepared for 

testing.  The first test for flow rate on the Inlet to the Supplemental ESP began at 6:33 

p.m. and was completed at 7:03 p.m. 

 

The first test for mercury on the Inlet to the Supplemental ESP began at 7:52 a.m. and 

was completed at 8:52 a.m.  The sorbent tubes were recovered and analyzed.  The 

sampling equipment was moved to the Outlet from the Original ESP and prepared for 

testing.  The first test for mercury on the Outlet from the Original ESP began at 9:29 

a.m. and was completed at 10:29 a.m.  The sorbent tubes were recovered and 

analyzed.  The sampling equipment was moved to the Mid Duct to the Supplemental 

ESP and prepared for testing.  The first test for mercury on the Mid Duct to the 

Supplemental ESP began at 11:17 a.m. and was completed at 12:17 p.m. The sorbent 

tubes were recovered and analyzed.  The sampling equipment was moved to the Outlet 

from the Original ESP and prepared for testing.  The first test for mercury on the Outlet 

from the Original ESP began at 12:55 p.m. and was completed at 1:55 p.m.  The 

sorbent tubes were recovered and analyzed.  The sampling equipment was moved to 

the Inlet of the Original ESP and prepared for testing.  The first test for mercury on the 

Inlet of the Original ESP began at 4:55 p.m.  Testing continued until the completion of 

the fourth test at 9:46 p.m.  The sorbent tubes were recovered and analyzed.   
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The sampling equipment was moved off of the sampling locations and loaded into the 

test trailer.  The data was transported to Air Sampling Associates, Inc.’s office in 

Lewisville, Texas for further review. 

 

Operations at the Public Service of New Hampshire, Merrimack Station, located in Bow, 

New Hampshire, for ADA-ES, Inc. were completed at 10:45 p.m. on Friday, September 

29, 2006. 
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APPENDICES
 
 
 Appendix A:  Location of Traverse Points 

Appendix B: Nomenclature and Equations for Calculation of 
  Source Emissions 
 Appendix C: Calibration Data 
 Appendix D: EPA Test Methods 2, 3, and 4 Field Data 
 Appendix E: Proposed EPA Test Method 324 Field Data 

Appendix F:  Proposed EPA Test Method 324 Analytical Data 
 Appendix G: Resumes of Test Personnel 
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Appendix A: 

Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Stack 

The sampling ports are located 157 feet 3 inches (9.97 stack diameters) downstream 

from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) upstream from the 

outlet to the stack.  The locations of the traverse points were calculated as follows: 

 

Table 5: Stack Location Traverse Points 

Port & Wall Thickness = 40 1/16 inches 
Inside Stack Diameter = 189 3/16 inches 

Point
 Number* 

Percent of 
Stack Diameter 

Distance
from Wall 

1 4.4 8 5/16" 
2 14.6 27 5/8" 
 3 29.6 56"
   

 * Calculated as one-half of a six point traverse. 
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Appendix A 

Figure 4: Unit No. 2 Stack Sampling Traverse Points 

Not to scale. 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Stack Inlet from the Supplemental ESP 

The sampling ports on the Stack Inlet from the Supplemental ESP are approximately 75 

feet above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 5: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Ports A and B) 
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Appendix A 
 

Figure 6: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port C) 
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Appendix A 
 

Figure 7: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port D) 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Supplemental ESP 

The sampling ports on the Inlet to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 8: Inlet to the Supplemental ESP Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Mid Duct to the Supplemental ESP 

The sampling ports on the Mid Duct to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 9: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port A) 
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Appendix A 

Figure 10: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port B) 
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Appendix A 

Figure 11: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port C) 
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Appendix A 

Figure 12: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port D) 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Outlet from the Original ESP 

The sampling ports on the Outlet from the Original ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 13: Outlet from the Original ESP Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Original ESP (Duct A) 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 14: Inlet to the Original ESP (Duct A) Location of Traverse Points 

300" 

78" 

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

Pt. 1 

Pt. 2 

Pt. 4 

Pt. 5 

A D E G B C H F

Pt. 1 

Pt. 2 

Pt. 3 
 (Method 324 
Traverse Point) 

Pt. 4 

Pt. 5 

Pt. 3 
 (Method 324 
Traverse Point) 



06-054 A-14 

Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Original ESP (Duct B) 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 15: Inlet to the Original ESP (Duct B) Location of Traverse Points 
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Appendix B: 

Nomenclature and Equations for Calculation of Source Emissions 
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Nomenclature For Flow Rate and Moisture Calculations
 

  English Metric    
 Symbol Units Units Description 

 As in.2 m2 Stack Area 

 Can gr/dscf* g/dscm* Particulate – probe, cyclone,  
    and filter 

 Cao gr/dscf* g/dscm* Particulate –total 

 Cat gr/CF @ g/m3 Particulate – probe, cyclone, 
  stack conditions  and filter 

 Cau gr/CF @ g/m3 Particulate – total 
  stack conditions 

 Caw lbs/hr kg/hr Particulate – probe, cyclone, 
    and filter 

 Cax lbs/hr kg/hr Particulate - total   

 Cp   Pitot Tube Calibration Factor 

 Dn in. m Sampling Nozzle Diameter 

 %EA   Percent Excess Air at  
    Sampling Point 

 g 32.2 ft/sec2  Acceleration of gravity 
 %I   Percent Isokinetic   

 %M   Percent Moisture in the Stack  
    Gas by Volume 

 Md   Mole Fraction of Dry Gas 

 mf mg mg Particulate – probe, cyclone, 
    and filter 

 mt mg mg Particulate – total 

 Mwater 18 lb/lb-mole  Molecular Weight of Water 

 MW lb/lb-mole g/g-mole Molecular Weight of Stack 
    Gas  

 MWair 28.84 lb/lb-mole  Molecular Weight of Air 
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  English Metric    
 Symbol Units Units  Description 

 MWd lb/lb-mole g/g-mole Molecular Weight of Dry Stack  
    Gas 

 Pb "Hg Absolute mm Hg Barometric Pressure 

 Pm "H2O mm H2O Orifice Pressure drop 

 Ps "Hg Absolute mm Hg Stack Pressure 

 �P "H2O mm H2O Velocity Head of Stack Gas 

 Pstd 29.92" Hg 760 mm Hg Standard Barometric Pressure 

 Qa ACFM m3/hr Stack Gas Volume at Actual  
    Stack Conditions 

 Qs DSCFM* dscm/hr* Stack Gas Volume at 29.92"  
    Hg, 528° R, dry 

 R 21.83" Hg-  Universal Gas Constant 
  ft3/lb-mole °R 

 Tm °F °C Average Gas Meter  
    Temperature 

 Tt min min Net Time of Test 

 Ts °F °C Stack Temperature 

 Tstd 528 °R 293 °K Standard Temperature 

 Vm ft3 m3 Volume of Dry Gas Sampled  
    @ Meter Conditions 

 Vmstd dscf* dscm* Volume of Dry Gas Sampled 
    @ Standard Conditions 

 Vs fpm m/sec Stack Velocity @ Stack 
    Conditions  

 Vw ml ml Total Water Collected in  
    Impingers and Silica Gel 

 Vwgas scf* scm* Volume of Water Vapor  
    Collected @ Standard  
    Conditions 

 �air 0.0748 lbs/ft3  Density of Air 
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  English Metric    
 Symbol Units Units  Description 

 �water 1 g/ml  Density of Water 

 �man 62.32 lbs/ft3  Density of Manometer Oil 

(Inches of Water) 

Standard Conditions: 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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EXAMPLE CALCULATIONS
 

1.   Volume of dry gas sampled at standard conditions. * 
 

dscm = 0.028317 x dscf = V
  
  

dscf = 
460 + T
13.6
P + P

   V17.65 = V

  
  

P
13.6
P + P

  
460 + T

T   V= V

m

m

m
b

mm

std

m
b

m

std
mm

std

std

std

�
�
�
�

�

	










�

�

�
�
�
�

�

	










�

�


�

�
��
�

�

2. Volume of water vapor collected at standard conditions. * 

scm=0.028317xscf=V

scf=S)Hgms-SOgms-V(0.0472=V

453.6MP
RTS)Hgms-SOgms-V(=V

w

22ww

waterstd

stdwater22w
w

gas

gas

gas

�

3. Percent moisture in stack gas. 

%=100x
V+V

V=%M
wm

w

gasstd

gas

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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4. Mole fraction of dry gas. 
 

100
%M-100=Md

5. Average molecular weight of dry stack gas. 

mole-g/g=

mole-lb/lb=
100
28x%CO+

100
28xN%+

100
32xO%+

100
44xCO%=MW 222d ��

	

�
�

��
	


�
�

��
	


�
�

��
	


�
�

6. Molecular weight of stack gas. 

mole-g/g=
mole-lb
lb=)M-(118+MxMW=MW ddd

7. Percent excess air at sampling point. 

%CO)]0.5(-O[%-)N(%0.265
%CO)]0.5(-O[%100=%EA

22

2

8. Stack Pressure. 

Hgmm=25.4xAbs.Hg"=P

AbsoluteHg"=
13.6

OH"PressureStack+P=P

s

2
bs

9. Stack velocity at stack conditions. 

m/sec = 0.00508 x fpm = V
  
  

fpm = average P�
MW x P
460) + T( C 5,123.8 = V

  
  

  T x MW x P x � x 12
P x �460) + T( x MW x P x � x 2g

 60 C = V

s

s

s
 

ps

stdsair

sairstdman

1/2 

ps

1/2

�
�

	


�

�

�
�

	


�

�
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10. Dry stack gas volume at standard conditions. * 

 

dscm/hr=1.6990xDSCFM=Q

DSCFM=
460+T

PxMxAxV0.123=Q

P
Px

460+T
TxMxAxV144

1=Q

s

s

sdss
s

std

s

s

std
dsss

11. Actual stack gas volume at stack conditions. 

 

/hrm=1.6990xACFM=Q

ACFM=
144

AxV=Q

3
a

ss
a

 
12. Percent Isokinetic 

2
nstsd

sm

2
n

stsstdd

22
stdsm

D x  x VT x P x M
460)  (T x  x V1039  %I

4
D x   x VT x P x T x M

.144 x 100 x P x 460)  (T x V  %I

std

std

�
�


�

�
��
�

� �
�

�
ftin

 
 
 
 
 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 































































06-054 C-1 

Appendix C: 

Calibration Data 



06-054 C-2 

Appendix C 

Table 6: Calibration Data 

Pre-Test:
Equipment Calibration Factor Calibration Date

Dry Gas Meter 1-1 0.985 09/19/06 
Digital Temperature Indicator 2-1  09/19/06 
Dry Gas Meter 2-1 Orifice  09/19/06 
   

Pitot Tube 1-1 0.825 09/20/06 

   

Barometer 1 NIST Traceable 09/10/06 

   

Post-Test:
Equipment Calibration Factor Calibration Date

Dry Gas Meter 1-1 0.989 10/27/06 
   

Pitot Tube 1-1 0.823 11/06/06 

   

Barometer 1 NIST Traceable 10/13/06 
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Post-test Calibration Data: 
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Appendix D: 

EPA Test Methods 2, 3, and 4 Field Data
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Appendix E: 

Proposed EPA Test Method 324 Field Data
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Appendix F: 

Proposed EPA Test Method 324 Analytical Data 
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Appendix G: 

Resumes of Test Personnel 
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BILLY J. MULLINS, JR.; President 
 
 
Education Post Graduate Study Environmental Engineering at Southern 

Methodist University; Dallas, Texas 1970. 
 
 M.S. 1969, New York University; New York, New York, in Civil 

Engineering (Air Resources). 
 
 B.S. 1968, Texas Tech University; Lubbock, Texas, in Civil 

Engineering (Water Resources). Studies in Engineering at the U.S. 
Naval Academy; Annapolis, Maryland, 1963-1964 

 
 
Professional Attended Short Course on Air Pollution Engineering at the University 
Training of Texas at Austin, February 1970. 
Courses 
 Attended four-week management course presented by the American 

Management Association, 1976. 
 
 
Certification Registered Professional Engineer 
 Certified Visible Emissions Evaluator 
 Licensed Private Pilot (Multi-Engine-Land, Instrument) 
 Diplomat in the American Academy of Environmental Engineers 
 Inductee into the Stack Sampling Hall of Fame 
 Certified as Qualified Environmental Professional (QEP) 
 
 
Professional Air & Waste Management Association – Past Chairman, Past Vice  
Memberships Chairman, and Past Board of Directors of North Texas Chapter and 

Southwest Section; Past Chairman, Consultants Committee; Past 
Chairman, Source Measurement Committee 

 
 Source Evaluations Society – Past President, Past Board of 

Directors 
 
 American Management Association 
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MULLINS (p. 2) 
 
 
Publications Authored “Real World Experience with USEPA’s New Sampling and 

Analytical Methods for Conducting Risk Burn,”  May 1998. 
 
 Co-authored “Sulfur Compound Emissions of the Petroleum 

Production Industry,” December 1974. 
 
 Co-authored “Field Procedure for Stabilizing Hydrogen Sulfide 

Samples to be Analyzed Using Modified Methylene Blue Technique,” 
presented at the Conference on Ambient Air Quality Measurements, 
Austin, Texas, March 1975. 

 
 Co-authored “Atmospheric Emissions Survey of the Sour Gas 

Industry,” October 1975. 
 
 Co-authored “Technique for Insuring the Validity of Samples for High 

Concentrations of Sulfur Dioxide Using the EPA Method 5 Sampling 
Train,” presented at the Third National Conference on Energy and 
the Environment, College Corner, Ohio, September 1975. 

 
 
Teaching Conducted training seminars on sampling methods periodically since  
Experience 1974 to present. 
 
 Conducted a one-day seminar on Part 75 Testing over ten times in 

1993 and 1994. 
 
 Served as a lecturer in the Environmental Protection Agency’s (EPA) 

training course number 450, “Source Sampling for Particulate 
Pollutants,” for two years from January 1974 to October 1975 and 
March, 1992. 

 
 Conducted a two-day training course entitled “technical Assistance in 

Source Sampling” at Iowa State University, Ames, Iowa, for the 
Environmental Protection Agency (EPA), October 1974. 

 
 Conducted Environmental Protection Agency’s (EPA) training course 

number 450, “Source Sampling for  Particulate Pollutants,” at 
Research Triangle Park, North Carolina, September 1975. 
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MULLINS (p. 3) 
 
 
Teaching Conducted a two-day short course entitled “Performing and 
Experience Observing Source Sampling,” Dallas, Texas, July 1976, May 1977,  
 (Cont’d) October 1977, November 1987 and November 1988; Lake Charles, 

Louisiana, May 1977; Casper Wyoming, May 1977; Point Comfort, 
Texas, November 1992. 

 
 Served as a lecturer in the Environmental Protection Agency’s two-

day seminar entitled “Asphalt Industry Environmental Solutions,” 
presented in Dallas, Texas, March 21-22, 1979. 

 
 Conducted a two-day short course entitled “Performing and 

Observing Source Sampling,” Phoenix, Arizona, August, 1990, for the 
State of Arizona, Department of Environmental Quality; Lincoln, 
Nebraska, March 1980, for the State of Nebraska, Air Quality Control 
Division. 

 
 
Technical Directed and performed stack sampling on over 2000 sources of  
Experience which over 500 were sampled simultaneously using more than one 

sampling train at several points in the flue gas stream; 1972-present. 
 
 Directed and performed over 200 short-term ambient air studies 

using mobile sampling vans and various ambient air sampling 
equipment; 1972-present. 

 
 Designed, directed and operated over 20 permanent ambient air 

networks of various size and duration for a variety of parameters; 
1972-present. 

 
 Designed surface and underground drainage systems for residential 

subdivisions, public works projects, and shopping centers; 1969-
1972. 

 
 Designed several residential subdivisions including lot layout, street 

design, drainage design, and utility design; 1969-1972. 
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MULLINS (p. 4) 
 
  
 
Research Supervised and conducted a study made by the Hawaiian Sugar  
Projects Planters’ Association to characterize the emissions for several 

bagasse-fired boilers, April-May 1976. 
 
 Supervised and conducted a study made by the Rio Grande Valley 

Sugar Growers, Inc. to determine the area affected by the burning of 
sugarcane fields prior to harvesting, November 1974-April 1975. 

 
 Supervised and conducted a study by a lightweight aggregate 

manufacturer to develop a material balance around the process 
through sampling and analysis of several parameters, November 
1973. 

 
 Conducted a study in New York City to attempt to develop a 

correlation in the ambient air between carbon dioxide and sulfur 
dioxide to provide a tool for predicting air pollution predicting air 
pollution episodes, January-May 1969. 

 
Related Served as Chairman of the Engineering Foundation Conference on  
Projects Stack Sampling and Source Evaluation in Destin, Florida, 2002, and 

Santa Barbara, California, 1985. 
 
 Served as Co-Chairman of the Engineering Foundation Conference 

on Stack Sampling and Source Evaluation in Destin, Florida, 2001. 
 
 Served as Session Chairman at the Engineering Foundation 

Conference on Stack Sampling and Source Evaluation in Hershey, 
Pennsylvania, 1984; San Diego, California, 1993; and in Palm Coast, 
Florida, 1994. 
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 GARY B. GOLDMAN; Associate 
 
 
Education B.S. 1993, University of Texas at Arlington; Arlington, Texas, in 

Geology. 
  
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Attended HAZWOPER 8-hour refresher course, 1994-2005. 
  
 Attended the following Environmental Protection Agency (EPA) 

Courses: 
  Course 345, Emission Capture and Gas Handling System 

Inspection 
  Course 380, Fugitive Source Inspection 
  Course 400, Introduction to Hazardous Air Pollutants 
  Course 413, Control of Particulate Emissions 

   Course 415, Control of Gaseous Emissions 
  Course 418, Control of Nitrogen Oxide Emissions 

   Course 427, Combustion Evaluation 
   Course 444, Air Pollution Field Enforcement 
   Course 445, Inspection of Particle Control Devices 
   Course 446, Inspection Safety Procedures 

  Course 450, Source Sampling for Particulate Pollutants 
  Course 452, Principles and Practice of Air Pollution Control 
  Course 455, Inspection of Gas Control Devices and Selected 

Industries 
   Course 474, Continuous Emission Monitoring 

  Course 482, Sources and Control of Volatile Organic Air 
Pollutants 

 
 Attended the following California Air Resources Board (CARB) 

Courses 
   Course 221, Continuous Emission Monitoring 
   Course 233, Solvent Cleaning: Degreasing Operations 
   Course 242, Hot Mix Asphalt Facilities 
   Course 245, Cement Plants 
   Course 270, Incinerators 
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GOLDMAN (p.2) 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Senior Emissions Evaluator with the Texas Commission on 
Experience  Environmental Quality, responsible for oversight of all source testing 

activities within the State of Texas, Region 4, which encompasses 19 
counties in the North Texas region, 1999-2005. 

 
 Participated in the sampling of over 750 sources, including several of  
 which were sampled simultaneously utilizing more than one sampling 

train, 1994-1999. 
 
 Thoroughly trained in all EPA testing procedures specified in Title 40 

of the Code of Federal Regulations, Part 60. 
  
 Thoroughly trained in Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, 0010 Through 0100 Series. 
  
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 

Experienced with calibration techniques for all field testing 
equipment. 

 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR/S Oxides of Nitrogen Analyzer 
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GOLDMAN (p.3) 
 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer   
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PATRICK SELAKOVICH; Associate 
 
 
Education B.S.B.A. 1992, University of Arkansas; Fayetteville, Arkansas, in 

General Business. 
 
Professional Attended 24-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1997. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120) & ‘Train the Trainer’, 
Gettysburg, Pennsylvania, July 1998. 

 
 Also attended an 8-hour refresher course January 2000, January 

2001, and May 2004. 
 
 Attended OSHA General Industry Safety and Health Training, May 

1999. 
 
 
Professional Society For Human Resource Management 
Memberships 
 
 
Technical Participated in the sampling of over 150 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1996-
present. 

 
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 



 

 

 

STACK SAMPLING REPORT 

FOR 

MERCURY SPECIATION, PARTICULATE MATTER, AND HALIDE TESTING 

ON THE 

PUBLIC SERVICE OF NEW HAMPSHIRE 

MERRIMACK STATION 

UNIT NO. 2 STACK AND 

INLET TO ORIGINAL PRECIPITATOR (DUCT A) 

 

PROJECT NO. 06-056 

 

OCTOBER 2006 

 

PREPARED FOR: 

ADA-ES 

8100 SOUTHPARK WAY  

LITTLETON, CO 80120 

 

PREPARED BY: 

AIR SAMPLING ASSOCIATES, INC. 

P.O. BOX 1175 

LEWISVILLE, TEXAS 75067 

 

(Total Number of pages including cover:  696) 



06-056 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY................................................................................................. 1 

SUMMARY OF RESULTS .............................................................................................. 3 

DISCUSSION OF SAMPLING RESULTS....................................................................... 7 

DESCRIPTION OF SAMPLING LOCATIONS............................................................... 10 

SAMPLING AND ANALYTICAL PROCEDURES .......................................................... 12 

TEST NARRATIVE........................................................................................................ 21 

APPENDICES ............................................................................................................... 23 

Appendix A: Location of Traverse Points...................................................................A-1 

Appendix B: Nomenclature and Equations for Calculation of Source Emissions.......B-1 

Appendix C: Calibration Data ................................................................................... C-1 

Appendix D: Field Data............................................................................................. D-1 

Appendix E: Particulate Matter and Mercury Speciation Analytical Data...................E-1 

Appendix F: Particulate Matter and Halides Analytical Data......................................F-1 

Appendix G: Chain of Custodies .............................................................................. G-1 

Appendix H: Resumes of Test Personnel................................................................. H-1 



06-056 

TABLES 

Table 1: Unit No. 2 Inlet to the Original ESP (Duct A)   

Particulate Matter and Bromine Sampling Results............................................. 3 

Table 2: Unit No. 2 Stack   

Particulate Matter and Bromine Summary of Sampling Results ........................ 4 

Table 3: Unit No. 2 Inlet to the Original ESP (Duct A)  

Particulate Matter and Speciated Mercury Summary of Sampling Results ........ 5 

Table 4: Unit No. 2 Stack   

Particulate Matter and Speciated Mercury Summary of Sampling Results ........ 6 

Table 5: EPA Method 26A Condenser/Absorbing System ............................................ 13 

Table 6: Condenser/Absorbing System......................................................................... 17 

Table 7: Stack Location Traverse Points......................................................................A-3 

Table 8: Calibration Data............................................................................................. C-2 

FIGURES

Figure 1:  Merrimack Unit No. 2 Stack........................................................................... 11 

Figure 2:  EPA Method 26A Inlet Duct Sampling Train.................................................. 14 

Figure 3:  EPA Method 26A Stack Sampling Train........................................................ 15 

Figure 4:  Ontario Hydro Speciated Mercury Inlet Duct  

Sampling Train  (ASTM D6784-02) ............................................................... 19 

Figure 5:  Ontario Hydro Speciated Mercury Stack  

Sampling Train  (ASTM D6784-02) ............................................................... 20 

Figure 6:  Inlet to the Original ESP (Duct A) Location of Traverse Points ....................A-2 

Figure 7:  Unit No. 2 Stack Sampling Traverse Points .................................................A-4 



06-056 - 1 - 

EXECUTIVE SUMMARY 
 

Air Sampling Associates, Inc. of Lewisville, Texas conducted stack testing at the Public 

Service of New Hampshire, Merrimack Station, located in Bow, New Hampshire.  The 

purpose of the stack testing was to determine speciated mercury emissions, particulate 

matter emissions, and halogen emissions at the Inlet to the Original Electrostatic 

Precipitator (Duct A) and at the Stack of Unit No. 2. The testing was conducted on 

October 5, 6, and 7, 2006.  

 

The sampling team consisted of Mr. Bill Mullins, Mr. Bill Hefley, Mr. Gary Goldman, Mr. 

Patrick Selakovich and Mr. Scot Jackson.  Mr. Mullins was the test team leader. 

 

Mr. Tom Campbell of ADA-ES was the project manager.  

 

The procedures set forth in the Code of Federal Regulations, Title 40, Chapter I, Part 

60, Appendix A, Test Methods 1, 2, 3B, 4, 17, and 26A; and the Ontario Hydro Mercury 

Speciation Method (ASTM D6784-02) were followed during testing.   

 

Triplicate samples for speciated mercury were collected from the Unit No. 2 Inlet to the 

Original Electrostatic Precipitator (Duct A). The sampling results indicated that the 

average total mercury was equal to 5.054 lbs/1012 Btu.  The average total mercury was 

95.13% oxidized mercury.  

 

Triplicate samples for halogens were also collected from the Unit No. 2 Inlet to the 

Original Electrostatic Precipitator (Duct A). The sampling results indicated that the 

average concentration of Hydrogen Bromide was equal to 0.50 mg/dscm and that the 

average concentration of Bromine was below the detectable limit of the sampling 

procedure. The sampling results indicated that the average concentration of Hydrogen 

Chloride was equal to 37.70 mg/dscm and that the average concentration of Chlorine 
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was equal to 0.16 mg/dscm. The sampling results indicated that the average 

concentration of Hydrogen Fluoride was equal to 1.51 mg/dscm and that the average 

concentration of Fluoride was below the detectable limit of the sampling procedure. 

 

In conjunction with the samples for speciated mercury and halogens collected from the 

Unit No. 2 Inlet to the Original Electrostatic Precipitator (Duct A), samples were taken 

for particulate matter. The six samples collected for particulate matter indicated an 

average of 4189.42 pounds per hour. 

 

Triplicate samples for speciated mercury were collected from the Unit No. 2 Stack.  The 

sampling results indicated that the average total mercury was equal to 4.965 lbs/1012 

Btu.  The average total mercury was 97.21% oxidized mercury. 

 

 
Triplicate samples for halogens were also collected from the Unit No. 2 Stack.  The 

sampling results indicated that the average concentration of Hydrogen Bromide was 

equal to 0.56 mg/dscm and that the average concentration of Bromine was below the 

detectable limit of the sampling procedure. The sampling results indicated that the 

average concentration of Hydrogen Chloride was equal to 40.08 mg/dscm and that the 

average concentration of Chlorine was equal to 0.30 mg/dscm. The sampling results 

indicated that the average concentration of Hydrogen Fluoride was equal to 4.01 

mg/dscm and that the average concentration of Fluoride was below the detectable limit 

of the sampling procedure. 

 

In conjunction with the samples for speciated mercury and halogens collected from the 

Unit No. 2 Stack, samples were taken for particulate matter. The six samples collected 

for particulate matter indicated an average of 289.01 pounds per hour. 

 

 
_______________________________ 
Billy J. Mullins, Jr. P.E., Q.E.P., D.E.E.
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SUMMARY OF RESULTS 
 

Table 1: Unit No. 2 Inlet to the Original ESP (Duct A)  

Particulate Matter and Bromine Sampling Results 

Run No. 1 2 3 Average

Test Date 10/05/06 10/06/06 10/06/06 -----

Test Time 1720-1919 1320-1435 1542-1657 -----

Flow Rate – DSCFM* 379,390 376,522 375,192 377,035

Stack Temp. - ˚F 338 333 337 336

O2 - %Vol. (dry) 4.6 5.0 5.1 4.9

CO2 - %Vol. (dry) 14.0 13.7 13.8 13.8

Percent Excess Air 27.1 30.2 31.1 29.5

Moisture Content - % 8.00 8.38 7.78 8.05

Percent Isokinetic 99.0 99.5 98.8 99.1

Sample Volume – DSCM 1.254 1.250 1.237 1.247
Particulate Matter  

– gr/dscf - Front Half 1.3498 1.7269 1.0962 1.3910
Particulate Matter  

– lbs/hr - Front Half 4,388.85 5,572.21 3,524.71 4495.26
Bromine

- mg 
- mg/dscm 

ND
ND

ND
ND

ND
ND

ND
ND

Hydrogen Bromide 
- mg 
- mg/dscm 

0.503
0.40

0.759
0.61

0.611
0.49

0.624
0.50

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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SUMMARY OF RESULTS 

Table 2: Unit No. 2 Stack  

Particulate Matter and Bromine Summary of Sampling Results

Run No. 1 2 3 Average

Test Date 10/05/06 10/06/06 10/06/06 -----

Test Time 1720-1837 1320-1435 1542-1655 -----

Flow Rate – DSCFM* 687,042 707,393 699,862 698,099

Stack Temp. - ˚F 341 339 339 340

O2 - %Vol. (dry) 5.8 6.4 6.5 6.2

CO2 - %Vol. (dry) 13.2 13.2 13.2 13.2

Percent Excess Air 37.0 42.9 44.0 41.3

Moisture Content - % 7.27 7.63 6.97 7.29

Percent Isokinetic 99.6 99.7 99.3 99.5

Sample Volume – DSCM 1.206 1.243 1.224 1.224
Particulate Matter  

– gr/dscf - Front Half 0.0491 0.0401 0.0678 0.0523
Particulate Matter  

– lbs/hr - Front Half 289.01 242.92 406.56 312.83
Bromine

- mg 
- mg/dscm 

ND
ND

ND
ND

ND
ND

ND
ND

Hydrogen Bromide 
- mg 
- mg/dscm 

0.600
0.50

0.798
0.64

0.660
0.54

0.687
0.56

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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SUMMARY OF RESULTS 
Table 3: Unit No. 2 Inlet to the Original ESP (Duct A) 

Particulate Matter and Speciated Mercury Summary of Sampling Results 

Run No. 1 2 3 Average 

Test Date 10/05/07 10/06/06 10/07/06 ----- 

Test Time 1410-1620 0940-1143 0845-1048 ----- 

Flow Rate – DSCFM* 386,783 384,254 383,221 384,753 

Stack Temp. - ˚F 337 338 339 338

O2 - %Vol. (dry) 4.6 5.1 5.0 4.9

CO2 - %Vol. (dry) 14.0 13.7 13.6 13.8

Percent Excess Air 27.1 31.1 30.2 29.5

Moisture Content - % 8.00 7.76 7.89 7.88

Percent Isokinetic 99.1 99.5 101.0 99.9

Sample Volume – DSCM 2.148 2.142 2.169 2.153
Particulate Matter  

– gr/dscf - Front Half 1.0976 1.1787 1.2579 1.1781
Particulate Matter  

– lbs/hr - Front Half 3,638.23 3,881.45 4,131.08 3883.59 
Particle Bound Mercury 

- μg 
- μg/dscm 
- lbs/1012 Btu 

0.0780
0.0363
0.026

0.1200
0.0560
0.040

0.0940
0.0433
0.032

0.0973
0.0452
0.033

Oxidized Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu 

15.6000 
7.2626
5.238

14.9000 
6.9561
5.175

11.8000 
5.4403
4.022

14.1000 
6.5530
4.812

Elemental Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu 

0.4000
0.1862
0.134

0.7800
0.3641
0.271

0.6500
0.2997
0.222

0.6100
0.2833
0.209

Total Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu  

16.0780 
7.4851
5.399

15.8000 
7.3763
5.487

12.5440 
5.7833
4.275

14.8073 
6.8816
5.054

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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SUMMARY OF RESULTS 
Table 4: Unit No. 2 Stack  

Particulate Matter and Speciated Mercury Summary of Sampling Results 

Run No. 1 2 3 Average 

Test Date 10/05/06 10/06/06 10/07/06 ----- 

Test Time 1410-1636 0940-1154 0845-1059 ----- 

Flow Rate – DSCFM* 708,269 713,543 715,379 712,397 

Stack Temp. - ˚F 337 336 337 337

O2 - %Vol. (dry) 6.2 5.4 6.5 6.0

CO2 - %Vol. (dry) 13.2 13.2 12.4 12.9

Percent Excess Air 40.9 33.4 43.4 39.2

Moisture Content - % 7.48 7.24 7.42 7.38

Percent Isokinetic 97.6 98.8 99.0 98.5

Sample Volume – DSCM 2.436 2.486 2.497 2.473
Particulate Matter  

– gr/dscf - Front Half 0.0445 0.0424 0.0435 0.0435
Particulate Matter  

– lbs/hr - Front Half 269.88 259.20 266.49 265.19
Particle Bound Mercury 

- μg 
- μg/dscm 
- lbs/1012 Btu 

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

Oxidized Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu 

10.7000 
4.3924
3.512

16.6000 
6.6774
5.064

18.1000 
7.2487
5.917

15.1333 
6.1062
4.831

Elemental Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu 

0.3400
0.1396
0.112

0.6600
0.2655
0.201

0.2700
0.1081
0.088

0.4233
0.1711
0.134

Total Mercury 
- μg 
- μg/dscm 
- lbs/1012 Btu 

11.0400 
4.5320
3.623

17.2600 
6.9429
5.266

18.3700 
7.3568
6.005

15.5567 
6.2772
4.965

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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DISCUSSION OF SAMPLING RESULTS 
 

Particulate Matter and Bromine

The three tests for particulate matter and bromine on the Unit No. 2 Inlet to the Original 

ESP (Duct A) appeared to be an accurate representation of the actual emissions during 

the tests.  All leak checks performed on the reference method sampling train and pitot 

tubes showed no leaks before or after testing.  The indicative parameters of the tests 

were in close agreement.  The measured moisture contents (%M) were within 4.1% of 

the mean value.  The measured flow rates (DSCFM) were within 0.6% of the mean 

value.  The rates of sampling for the tests were within the specified limits (90% to 110% 

isokinetic).  The greatest deviation from 100% isokinetic was 1.2%. 

 

The concentrations (mg/dscm) of Bromine for the three tests taken at the Unit No. 2 

Inlet to the Original ESP (Duct A) were below the minimum reporting limit of the 

reference method. The concentrations (mg/dscm) of Hydrogen Bromide for the three 

tests taken at the Unit No. 2 Inlet to the Original ESP (Duct A) showed a range of -

20.0% to +22.0% variation from the mean value of 0.50 mg/dscm. 

 

The concentrations (gr/dscf – Front Half) of particulate matter for the three tests taken at 

the Unit No. 2 Inlet to the Original ESP (Duct A) showed a range of -21.2 percent to 

+24.2 percent variation from the mean value of 1.3910 gr/dscf – Front Half. 

 

The three tests for particulate matter and bromine on the Unit No. 2 Stack appeared to 

be an accurate representation of the actual emissions during the tests.  All leak checks 

performed on the reference method sampling train and pitot tubes showed no leaks 

before or after testing.  The indicative parameters of the tests were in close agreement.  

The measured moisture contents (%M) were within 4.7% of the mean value.  The 

measured flow rates (DSCFM) were within 1.6% of the mean value.  The rates of 



06-056 - 8 - 

sampling for the tests were within the specified limits (90% to 110% isokinetic).  The 

greatest deviation from 100% isokinetic was 0.7%. 

 

The concentrations (mg/dscm) of Bromine for the three tests taken at the Unit No. 2 

Stack were below the minimum reporting limit of the reference method. The 

concentrations (mg/dscm) of Hydrogen Bromide for the three tests taken at the Unit No. 

2 Stack showed a range of -10.7% to +14.3% variation from the mean value of 0.56 

mg/dscm. 

 

 

The concentrations (gr/dscf – Front Half) of particulate matter for the three tests taken at 

the Unit No. 2 Stack showed a range of -23.4 percent to +29.6 percent variation from 

the mean value of 0.0523 gr/dscf – Front Half. 

 

Particulate Matter and Speciated Mercury
 

The three tests for speciated mercury and particulate matter on the Unit No. 2 Inlet to 

the Original ESP (Duct A) appeared to be valid representations of the actual emissions 

during the tests.  All leak checks performed on the sampling train and the pitot tubes 

indicated no leaks before or after each test.  The indicative parameters calculated from 

the field data were in reasonable agreement.  The measured moisture contents for the 

three runs were within 1.6% of the mean value. The measured flow rates (DSCFM) for 

the tests were within 0.5% of the mean value.  The rates of sampling for the three tests 

were within the specified limits (90 to 110 percent isokinetic).  The greatest deviation 

from 100% isokinetic was 1.0%. 

 

The calculated emissions (lbs/1012 Btu) of total mercury for the three tests on the Unit 

No. 2 Inlet to the Original ESP (Duct A) indicated a range of -15.4% to +8.6% deviation 

from the mean value of 5.054 lbs/1012 Btu.  
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The concentrations (gr/dscf – Front Half) of particulate matter for the three tests taken at 

the Unit No. 2 Inlet to the Original ESP (Duct A) showed a range of -6.8 percent to +6.8 

percent variation from the mean value of 1.1781 gr/dscf – Front Half. 

 

The three tests for speciated mercury on the Unit No. 2 Stack appeared to be valid 

representations of the actual emissions during the tests.  All leak checks performed on 

the sampling train and the pitot tubes indicated no leaks before or after each test.  The 

indicative parameters calculated from the field data were in reasonable agreement.  The 

measured moisture contents for the three runs were within 1.9% of the mean value. The 

measured flow rates (DSCFM) for the tests were within 0.6% of the mean value.  The 

rates of sampling for the three tests were within the specified limits (90 to 110 percent 

isokinetic).  The greatest deviation from 100% isokinetic was 2.4%. 

 

The calculated emissions (lbs/1012 Btu) of total mercury for the three tests on the Unit 

No. 2 Stack indicated a range of -27.0% to +21.0% deviation from the mean value of 

4.965 lbs/1012 Btu.  

The concentrations (gr/dscf – Front Half) of particulate matter for the three tests taken at 

the Unit No. 2 Stack showed a range of -2.5 percent to +2.4 percent variation from the 

mean value of 0.0435 gr/dscf – Front Half. 
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DESCRIPTION OF SAMPLING LOCATIONS 

The sampling ports on the Unit No. 2 Inlet to the Original ESP (Duct A) are 

approximately 60 feet above the ground.  The sampling ports are located in a transition 

zone in the duct. 

 

The sampling ports on the Unit No. 2 Stack are approximately 232 feet 3 inches above 

the ground.  The sampling ports are located 157 feet 3 inches (9.97 stack diameters) 

downstream from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) 

upstream from the outlet to the stack. 
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SAMPLING LOCATION 
 

Figure 1: Merrimack Unit No. 2 Stack 
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SAMPLING AND ANALYTICAL PROCEDURES 
 

The procedures set forth in the Code of Federal Regulations, Title 40, Chapter I, Part 

60, Appendix A, Test Methods 1, 2, 3B, 4, 17 and 26A; and the Ontario Hydro Mercury 

Speciation Method (ASTM D6784-02) were followed during testing. 

 

Bromine

 

Bromine and particulate matter samples were taken according to EPA Methods 1, 2, 3B, 

4, 17 and 26A.  For each run on the Unit No. 2 Inlet to the Original ESP (Duct A), 

samples of 3 minute duration were taken at each of twenty-four traverse points for a 

total test time of 72 minutes.  Data was recorded at 3-minute intervals. For each run on 

the Unit No. 2 Stack samples of 5 minute duration were taken at each of twelve traverse 

points for a total test time of 60 minutes.  Data was recorded at 5-minute intervals. 

 

 

The sampling trains were leak-checked at the end of the sampling probe at 15" of 

mercury vacuum before each test, and again at the conclusion of each test at the 

highest vacuum recorded during sampling.  This was done to predetermine the 

possibility of a diluted sample. 

 

The ‘front-half’ of the sampling train on the Unit No. 2 Inlet to the Original ESP (Duct A) 

contained the following components: 

Glass nozzle 
Fiberglass Thimble 
Heated glass lined probe @ 248°F ± 25°F 
Heated Teflon line @ 248°F ± 25°F 
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The ‘front-half’ of the sampling train on the Unit No. 2 Stack contained the following 

components: 

Glass nozzle 
Heated glass lined probe @ 248°F ± 25°F 
Heated fiberglass filter @ 248°F ± 25°F 
 

The ‘back-half’ of the sampling trains contained the following components: 

 

Table 5: EPA Method 26A Condenser/Absorbing System 

Impinger No. Impinger Type Absorbing Solution 

1 Greenburg-Smith 100 ml 0.1N H2SO4 

2 Greenburg-Smith 100 ml 0.1N H2SO4 

3 Modified 100 ml 0.1N NaOH 

4 Modified 100 ml 0.1N NaOH 

5 Modified  ~200 g silica gel 

 

An integrated Orsat sample was collected and analyzed according to EPA Method 3B 

during each run. 
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Figure 2: EPA Method 26A Inlet Duct Sampling Train 
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Figure 3: EPA Method 26A Stack Sampling Train 
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Speciated Mercury
 

A preliminary velocity traverse was also made at each of the four sample ports at the 

sampling location on the stack in order to determine the uniformity and magnitude of the 

flow prior to testing.  Three traverse points were checked from each of the four ports for 

cyclonic flow and the average angle was equal to 5.5 degrees.  Alternate procedures 

would be required if the angle of cyclonic flow was greater than 20 degrees. 

 

Triplicate samples for speciated mercury were taken. For each run on the Unit No. 2 

Inlet to the Original ESP (Duct A), samples of 5 minute duration were taken at each of 

twenty-four traverse points for a total test time of 120 minutes.  Data was recorded at 5-

minute intervals.  For each run on the Unit No. 2 Stack, samples of 10 minute duration 

were taken at each of the 12 traverse points for a total sampling time of 120 minutes.  

Data was recorded at 5 minute intervals. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

The sampling trains for speciated mercury were leak checked at the end of the sampling 

nozzle at 15" of mercury vacuum before each test, and again at the conclusion of each 

test at the highest vacuum recorded during sampling.  This was done to predetermine 

the possibility of a diluted sample. 
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The ‘front-half’ of the sampling train on the Unit No. 2 Inlet to the Original ESP (Duct A) 

contained the following components: 

Glass nozzle 
Fiberglass Thimble 
Heated glass lined probe @ 248°F ± 25°F 
Heated Teflon line @ 248°F ± 25°F 
 

The ‘front-half’ of the sampling train on the Unit No. 2 Stack contained the following 

components: 

Glass nozzle 
Fiberglass Thimble 
Heated glass lined probe @ 248°F ± 25°F 
 

The ‘back-half’ of the sampling trains, contained the following components: 

 

Table 6: Condenser/Absorbing System 

Impinger No. Impinger Type Absorbing Solution 

1 Modified  100 ml 1 N KCl 

2 Modified 100 ml 1 N KCl 

3 Greenburg-Smith 100 ml 1 N KCl 

4 Modified 100 ml 5% v/v HNO3, 10% v/v H2O2 

5 Modified 100 ml 4% w/v H2SO4, 10% v/v KMnO4 

6 Modified 100 ml 4% w/v H2SO4, 10% v/v KMnO4 

7 Greenburg-Smith 100 ml 4% w/v H2SO4, 10% v/v KMnO4 

8 Modified  ~200 g silica gel 
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Integrated Orsat samples were collected at each sampling location during each test.  

The samples were analyzed according to EPA Method 3B to determine the stack gas 

molecular weight. 
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Figure 4: Ontario Hydro Speciated Mercury Inlet Duct Sampling Train  
(ASTM D6784-02) 
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Figure 5: Ontario Hydro Speciated Mercury Stack Sampling Train
(ASTM D6784-02) 
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TEST NARRATIVE 
 

Personnel from Air Sampling Associates, Inc. arrived at the Public Service of New 

Hampshire, Merrimack Station, located in Bow, New Hampshire, at 7:30 a.m., on 

Thursday, October 5, 2006.  The sampling equipment was moved onto the Unit No. 2 

Inlet to the Original ESP (Duct A) and onto the Unit No. 2 Stack. The first simultaneous 

test for mercury and particulate matter, using the Ontario Hydro sampling procedure, 

began at 2:10 p.m. and continued until the completion of the test on the stack at 4:36 

p.m. The first simultaneous test for halides and particulate matter began at 5:20 p.m. 

and continued until the completion of the test on the inlet duct at 7:19 p.m. The test on 

the inlet duct was delayed for 44 minutes due to a melted pitot tube line. The samples 

were recovered and personnel departed the plant at 9:30 p.m. 

 

On Friday, October 6, 2006, personnel returned to the plant at 7:15 a.m. The sampling 

equipment was prepared for testing and the second simultaneous test for mercury and 

particulate matter, using the Ontario Hydro sampling procedure, began at 9:40 a.m. 

Testing continued until the completion of the test on the stack at 11:54 a.m. The second 

simultaneous test for particulate matter and halides began at 1:20 p.m. and continued 

until the completion of the test on the inlet duct at 2:35 p.m. The third simultaneous test 

for particulate matter and halides began at 3:42 p.m. and continued until the completion 

of the test on the inlet duct at 4:57 p.m.  The samples were recovered and personnel 

departed the plant at 7:15 p.m. 

 

On Saturday October 7, 2006, personnel returned to the plant at 7:00 a.m. The 

sampling equipment was prepared for testing and the third simultaneous test for 

mercury and particulate matter, using the Ontario Hydro sampling procedure, began at 

8:45 a.m. Testing continued until the completion of the test on the stack at 10:59 a.m. 
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The samples were recovered and taken to Severn Trent Laboratories in Knoxville, 

Tennessee for analyses.  The sampling equipment was moved off of the Unit No. 2 

Stack and the Unit No. 2 Inlet to the Original ESP (Duct A) and loaded into the sampling 

trailer. 

  

Operations at the Public Service of New Hampshire, Merrimack Station, located in Bow, 

New Hampshire, were completed at 3:00 p.m. on Saturday October 7, 2006. 
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APPENDICES
 
 
 Appendix A:  Location of Traverse Points 

Appendix B: Nomenclature and Equations for Calculation of Source
  Emissions 
 Appendix C: Calibration Data 
 Appendix D: Field Data 
 Appendix E: Particulate Matter and Mercury Speciation Analytical  
  Data 
 Appendix F: Particulate Matter and Halides Speciation Analytical  
  Data 
 Appendix G: Chain of Custodies 
 Appendix H: Resumes of Test Personnel 
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Appendix A: 

Location of Traverse Points
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Original ESP (Duct A) 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 6: Inlet to the Original ESP (Duct A) Location of Traverse Points 

300" 

78" 

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

Pt. 1 

Pt. 2 

Pt. 4 

Pt. 5 

A D E G B C H F

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

Pt. 3 

Note: Only 5 of 6 sample points were traversed in Ports A, C, E, and G. Sample point 
No. 6 was not traversed due to sampling equipment limitations.  Ports B, D, F, and H 
were not traverse due to physical limitations preventing access to the ports. 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Stack 

The sampling ports on the Unit No. 2 Stack are approximately 232 feet 11 inches above 

the ground.  The sampling ports are located 157 feet 3 inches (9.98 stack diameters) 

downstream from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) 

upstream from the outlet to the stack.  The locations of the traverse points were 

calculated as follows: 

 

Table 7: Stack Location Traverse Points 

Port & Wall Thickness = 40 1/16inches 
Inside Stack Diameter = 189 3/16 inches 

Point
 Number* 

Percent of 
Stack Diameter 

Distance
from Wall 

1 4.4 8 5/16" 
2 14.6 27 5/8" 
 3 29.6 56"
   

 * Calculated as one-half of a six point traverse. 
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Appendix A 

Figure 7: Unit No. 2 Stack Sampling Traverse Points 

Not to scale. 
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Appendix B: 

Nomenclature and Equations for Calculation of Source Emissions 
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Nomenclature For Flow Rate and Moisture Calculations
 

  English Metric    
 Symbol Units Units Description 

 As in.2 m2 Stack Area 

 Can gr/dscf* g/dscm* Particulate – probe, cyclone,  
    and filter 

 Cao gr/dscf* g/dscm* Particulate –total 

 Cat gr/CF @ g/m3 Particulate – probe, cyclone, 
  stack conditions  and filter 

 Cau gr/CF @ g/m3 Particulate – total 
  stack conditions 

 Caw lbs/hr kg/hr Particulate – probe, cyclone, 
    and filter 

 Cax lbs/hr kg/hr Particulate - total   

 Cp   Pitot Tube Calibration Factor 

 Dn in. m Sampling Nozzle Diameter 

 %EA   Percent Excess Air at  
    Sampling Point 

 g 32.2 ft/sec2  Acceleration of gravity 
 %I   Percent Isokinetic   

 %M   Percent Moisture in the Stack  
    Gas by Volume 

 Md   Mole Fraction of Dry Gas 

 mf mg mg Particulate – probe, cyclone, 
    and filter 

 mt mg mg Particulate -total 

 Mwater 18 lb/lb-mole  Molecular Weight of Water 

 MW lb/lb-mole g/g-mole Molecular Weight of Stack 
    Gas  

 MWair 28.84 lb/lb-mole  Molecular Weight of Air 

 MWd lb/lb-mole g/g-mole Molecular Weight of Dry Stack  
    Gas 



06-056 B-3 

  English Metric    
 Symbol Units Units  Description 

 Pb "Hg Absolute mm Hg Barometric Pressure 

 Pm "H2O mm H2O Orifice Pressure drop 

 Ps "Hg Absolute mm Hg Stack Pressure 

 �P "H2O mm H2O Velocity Head of Stack Gas 

 Pstd 29.92" Hg 760 mm Hg Standard Barometric Pressure 

 Qa ACFM m3/hr Stack Gas Volume at Actual  
    Stack Conditions 

 Qs DSCFM* dscm/hr* Stack Gas Volume at 29.92"  
    Hg, 528° R, dry 

 R 21.83" Hg-  Universal Gas Constant 
  ft3/lb-mole °R 

 Tm °F °C Average Gas Meter  
    Temperature 

 Tt min min Net Time of Test 

 Ts °F °C Stack Temperature 

 Tstd 528 °R 293 °K Standard Temperature 

 Vm ft3 m3 Volume of Dry Gas Sampled  
    @ Meter Conditions 

 Vmstd dscf* dscm* Volume of Dry Gas Sampled 
    @ Standard Conditions 

 Vs fpm m/sec Stack Velocity @ Stack 
    Conditions  

 Vw ml ml Total Water Collected in  
    Impingers and Silica Gel 

 Vwgas scf* scm* Volume of Water Vapor  
    Collected @ Standard  
    Conditions 
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  English Metric    
 Symbol Units Units  Description 

 �air 0.0748 lbs/ft3  Density of Air 

 �water 1 g/ml  Density of Water 

 �man 62.32 lbs/ft3  Density of Manometer Oil 
(Inches of Water) 

Standard Conditions: 29.92" Hg, 68° F (760 mm Hg, 20 °C) 



06-056 B-5 

EXAMPLE CALCULATIONS
 

1.   Volume of dry gas sampled at standard conditions. * 
 

dscm = 0.028317 x dscf = V
  
  

dscf = 
460 + T
13.6
P + P

   V17.65 = V

  
  

P
13.6
P + P

  
460 + T

T   V= V

m

m

m
b

mm

std

m
b

m

std
mm

std

std

std

�
�
�
�

�

	










�

�

�
�
�
�

�

	










�

�


�

�
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�

�

2. Volume of water vapor collected at standard conditions. * 

scm=0.028317xscf=V

scf=S)Hgms-SOgms-V(0.0472=V

453.6MP
RTS)Hgms-SOgms-V(=V

w

22ww

waterstd

stdwater22w
w

gas

gas

gas

�

3. Percent moisture in stack gas. 

%=100x
V+V

V=%M
wm

w

gasstd

gas

* 29.92" Hg, 68° F (760 mm Hg, 20 °C)
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4. Mole fraction of dry gas. 
 

100
%M-100=Md

5. Average molecular weight of dry stack gas. 

mole-g/g=

mole-lb/lb=
100
28x%CO+

100
28xN%+

100
32xO%+

100
44xCO%=MW 222d ��

	

�
�

��
	


�
�

��
	


�
�

��
	


�
�

6. Molecular weight of stack gas. 

mole-g/g=
mole-lb
lb=)M-(118+MxMW=MW ddd

7. Percent excess air at sampling point. 

%CO)]0.5(-O[%-)N(%0.265
%CO)]0.5(-O[%100=%EA

22

2

8. Stack Pressure. 

Hgmm=25.4xAbs.Hg"=P

AbsoluteHg"=
13.6

OH"PressureStack+P=P

s

2
bs

9. Stack velocity at stack conditions. 

m/sec = 0.00508 x fpm = V
  
  

fpm = average P�
MW x P
460) + T( C 5,123.8 = V

  
  

  T x MW x P x � x 12
P x �460) + T( x MW x P x � x 2g

 60 C = V

s

s

s
 

ps

stdsair

sairstdman

1/2 

ps

1/2

�
�

	


�

�

�
�

	


�

�
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10. Dry stack gas volume at standard conditions. * 

 

dscm/hr=1.6990xDSCFM=Q

DSCFM=
460+T

PxMxAxV0.123=Q

P
Px

460+T
TxMxAxV144

1=Q

s

s

sdss
s

std

s

s

std
dsss

11. Actual stack gas volume at stack conditions. 
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 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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13. Particulate – Probe, cyclone, and filter. 
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14. Particulate total. 
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15. Particulate – probe, cyclone, and filter at stack conditions. 
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16. Particulate – total, at stack conditions. 
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 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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17.  Particulate – probe, cyclone, and filter. 
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18. Particulate – total. 

 

 
kg/hr  0.4536 x lbs/hr  C

lbs/hr  Q x C x 0.00857  C

ax

saoax

��

��
 

 
 
19. Mercury - μg/dscm 
 

μg/dscm = μg ÷ (Vmstd x 0.028317 m3/ft3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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  Run No. 1 2 3
Test Date: 10/5/2006 10/6/2006 10/6/2006
Test Time: 1720-1919 1320-1435 1542-1657 Average
Volume of Dry Gas Sampled @ Standard Conditions

dscm 1.254 1.25 1.237 1.247
Hydrogen Bromide

mgs 0.503 0.759 0.611 0.624
mg/dscm 0.40 0.61 0.49 0.50

Bromine
mgs ND ND ND ND
mg/dscm ND ND ND ND

Hydrogen Chloride
mg 45.700 46.600 48.700 47.000
mg/dscm 36.44 37.28 39.37 37.70

Chlorine
mg 0.3490 ND 0.2380 0.1960
mg/dscm 0.28 ND 0.19 0.16

Hydrogen Fluoride
mg 1.880 1.930 1.850 1.887
mg/dscm 1.50 1.54 1.50 1.51

Hydrogen Fluoride
mg ND ND ND ND
mg/dscm ND ND ND ND

Summary of Results
Halide Calculations

Unit No. 2 Inlet to the Original ESP (Duct A)
PSNH Merrimack Station
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Run No. 1 2 3
Test Date: 10/5/2006 10/6/2006 10/6/2006
Test Time: 1720-1837 1320-1435 1542-1655 Average
Volume of Dry Gas Sampled @ Standard Conditions

dscm 1.206 1.243 1.224 1.224
Hydrogen Bromide

mgs 0.600 0.798 0.662 ND
mg/dscm 0.50 0.64 0.54 0.56

Bromine
mgs ND ND ND ND
mg/dscm ND ND ND ND

Hydrogen Chloride
mg 45.200 53.300 48.800 49.100
mg/dscm 37.48 42.88 39.87 40.08

Chlorine
mg 0.494 0.221 0.376 0.364
mg/dscm 0.41 0.18 0.31 0.30

Hydrogen Fluoride
mg 4.460 5.260 5.010 4.910
mg/dscm 3.70 4.23 4.09 4.01

Hydrogen Fluoride
mg ND ND ND ND
mg/dscm ND ND ND ND

Summary of Results
Halide Calculations

Unit No. 2 Stack
PSNH Merrimack Station
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Run No. 1 2 3
Test Date: 10/5/2006 10/6/2006 10/7/2006
Test Time: 1410-1620 0940-1143 0845-1048 Average
Volume of Dry Gas Sampled @ Standard Conditions

dscm 2.148 2.142 2.169 2.153
dscf 75.84 75.648 76.597 76.028

Oxygen
% volume 4.6 5.1 5.0 4.9

Particulate Mercury
μg 0.0780 0.1200 0.0940 0.0973
μg/dscf 0.0010 0.0016 0.0012 0.0013
μg/dscm 0.0363 0.0560 0.0433 0.0452
lbs/1012 Btu 0.026 0.040 0.032 0.033
% of total Hg 0.49% 0.74% 0.75% 0.66%

Oxidized Mercury
μg 15.6000 14.9000 11.8000 14.1000
μg/dscf 0.2057 0.1970 0.1541 0.1856
μg/dscm 7.2626 6.9561 5.4403 6.5530
lbs/1012 Btu 5.238 5.175 4.022 4.812
% of total Hg 97.03% 94.30% 94.07% 95.13%

Elemental Mercury
μg 0.4000 0.7800 0.6500 0.6100
μg/dscf 0.0053 0.0103 0.0085 0.0080
μg/dscm 0.1862 0.3641 0.2997 0.2833
lbs/1012 Btu 0.134 0.271 0.222 0.209
% of total Hg 2.49% 4.94% 5.18% 4.20%

Total Mercury
μg 16.0780 15.8000 12.5440 14.8073
μg/dscf 0.2120 0.2089 0.1638 0.1949
μg/dscm 7.4851 7.3763 5.7833 6.8816
lbs/1012 Btu 5.399 5.487 4.275 5.054

Oxygen based F factor 9,007.2 9,007.2 9,007.2 9,007.2
Fuel Analysis

lbs/1012 Btu 8.16 8.16 8.16 8.16

Summary of Results
Mercury Speciation Results

Unit No. 2 Inlet to the Original ESP (Duct A)
PSNH Merrimack Station
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Run No. 1 2 3
Test Date: 10/5/2006 10/6/2006 10/7/2006
Test Time: 1410-1636 0940-1154 0845-1059 Average
Volume of Dry Gas Sampled @ Standard Conditions

dscm 2.436 2.486 2.497 2.473
dscf 86.036 87.779 88.182 87.332

Oxygen
% volume 6.2 5.4 6.5 6.0

Particulate Mercury
μg ND ND ND ND
μg/dscf ND ND ND ND
μg/dscm ND ND ND ND
lbs/1012 Btu ND ND ND ND
% of total Hg 0.00% 0.00% 0.00% 0.00%

Oxidized Mercury
μg 10.7000 16.6000 18.1000 15.1333
μg/dscf 0.1244 0.1891 0.2053 0.1729
μg/dscm 4.3924 6.6774 7.2487 6.1062
lbs/1012 Btu 3.512 5.064 5.917 4.831
% of total Hg 96.92% 96.18% 98.53% 97.21%

Elemental Mercury
μg 0.3400 0.6600 0.2700 0.4233
μg/dscf 0.0040 0.0075 0.0031 0.0048
μg/dscm 0.1396 0.2655 0.1081 0.1711
lbs/1012 Btu 0.112 0.201 0.088 0.134
% of total Hg 3.08% 3.82% 1.47% 2.79%

Total Mercury
μg 11.0400 17.2600 18.3700 15.5567
μg/dscf 0.1283 0.1966 0.2083 0.1778
μg/dscm 4.5320 6.9429 7.3568 6.2772
lbs/1012 Btu 3.623 5.266 6.005 4.965

Oxygen based F factor 9,007.2 9,007.2 9,007.2 9,007.2
Fuel Analysis

lbs/1012 Btu 8.36 8.36 8.36 8.36

Summary of Results
Mercury Speciation Results

Unit No. 2 Stack
PSNH Merrimack Station
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Appendix C 

Table 8: Calibration Data 

Pre-Test Calibrations:
Equipment Calibration Factor Calibration Date

Dry Gas Meter 1-1 0.985 09/19/06 
Digital Temperature Indicator 1-1  09/19/06 
Dry Gas Meter 1-1 Orifice  09/19/06 
   
Dry Gas Meter 1-2 1.002 06/27/06 
Digital Temperature Indicator 1-2  06/27/06 
Dry Gas Meter 1-2 Orifice  06/28/06 
   
Pitot Tube 1-1 0.825 09/20/06 

Pitot Tube 1-4 0.818 09/08/06 

Pitot Tube 2-1 0.822 09/08/06 

Pitot Tube 2-4 0.824 01/24/06 

  

Nozzle 5-2 0.193 01/25/06 

Nozzle 5-3 0.255 01/25/06 

Nozzle 7-2 0.193 09/19/06 

Nozzle 7-3 0.254 09/19/06 

   

Barometer No. 1 NIST Traceable 09/10/06 
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Post-Test Calibrations:

Equipment Calibration Factor Calibration Date
Dry Gas Meter 1-1 0.980 10/27/06 
   
Dry Gas Meter 1-2 0.993 10/23/06 
Digital Temperature Indicator 1-2  10/23/06 
Dry Gas Meter 1-2 Orifice  10/23/06 
   
Pitot Tube 1-1 0.823 11/06/06 

Pitot Tube 1-4 0.824 11/06/06 

Pitot Tube 2-1 0.825 11/06/06 

Pitot Tube 2-4 0.825 11/06/06 

  

Nozzle 5-2 0.192 10/27/06 

Nozzle 5-3 0.253 10/23/06 

Nozzle 7-2 0.192 10/27/06 

Nozzle 7-3 ----- Broken during recovery. 

   

Barometer No. 1 NIST Traceable 10/23/06 
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Post-test Calibration Data
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Appendix D: 

Field Data
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Appendix E: 

Particulate Matter and Mercury Speciation Analytical Data
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Particulate Matter and Halides Analytical Data
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PROJECT NARRATIVE 
H6J100230 

 
The results reported herein are applicable to the samples submitted for analysis only. 
 
This report shall not be reproduced except in full, without the written approval of the 
laboratory. 
 
The original chain of custody documentation is included with this report. 
 
Sample Receipt 
 
Custody seals were not present upon sample receipt at STL Knoxville; however, the 
samples were hand delivered. 
 
Quality Control and Data Interpretation 
 
Unless otherwise noted, all holding times and QC criteria were met and the test results 
shown in this report meet all applicable NELAC requirements.  
 
Wet Chemistry  
 
Samples were analyzed for chloride (Cl-), fluoride (F-) and bromide (Br-) by ion 
chromatography using SOP number KNOX-WC-005 (based on EPA methods 9056, 9057 
and 26A).  Results for the H2SO4 impinger samples were reported as total μg hydrogen 
chloride (HCl), total μg hydrogen fluoride (HF) and total μg hydrogen bromide (HBr).  
Results for the NaOH impinger samples were reported as total μg chlorine (Cl2), total μg 
hydrogen fluoride (HF) and total μg hydrogen bromine (Br2).  
 
Please note that the halogen fluorine (F) is not expected to be present in stack gas as 
diatomic fluorine (F2).  Fluorine reacts with water vapor in a favored reaction that forms 
HF:  2F2 + 2H2O � 4HF +O2.  Therefore, the results from the H2SO4 impingers and the 
NaOH impingers are reported as HF, and no F2 is expected in the samples. 
 
Results were calculated using the following equations: 
 

 
 
STL Knoxville maintains the following certifications, approvals and accreditations: Arkansas DEQ Cert. #05-043-0, 
California DHS ELAP Cert. #2423, Colorado DPHE, Connecticut DPH Cert. #PH-0223, Florida DOH Cert. #E87177, 
Georgia DNR Cert. #906, Hawaii DOH, Illinois EPA Cert. #000687, Indiana DOH Cert. #C-TN-02, Iowa DNR Cert. 
#375, Kansas DHE Cert. #E-10349, Kentucky DEP Lab ID #90101, Louisiana DEQ Cert. #03079, Louisiana DOHH 
Cert. #LA030024, Maryland DHMH Cert. #277, Massachusetts DEP Cert. #M-TN009, Michigan DEQ Lab ID #9933, 
New Jersey DEP Cert. #TN001, New York DOH Lab #10781, North Carolina DPH Lab ID #21705, North Carolina 
DEHNR Cert. #64, Ohio EPA VAP Cert. #CL0059, Oklahoma DEQ ID #9415, Pennsylvania DEP Cert. #68-00576, 
South Carolina DHEC Lab ID #84001001, Tennessee DOH Lab ID #02014, Utah DOH Cert. # QUAN3, Virginia DGS 
Lab ID #00165, Washington DOE Lab #C120, West Virginia DEP Cert. #345, Wisconsin DNR Lab ID #998044300, 
Naval Facilities Engineering Service Center and USDA Soil Permit #S-46424. This list of approvals is subject to 
change and does not imply that laboratory certification is available for all parameters reported in this environmental 
sample data report. 
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� � � � )DilutionBench(*
XWeightMolecular
HXWeightMolecular*mL,VolumeSample*mL/ug,XugHX, 

�

�
��
�

�
� �

�

 
� � � � )DilutionBench(*mL,VolumeSample*mL/ug,XugBr,Cl 22

��  

 
NaOH impinger samples were treated with sodium thiosulfate (Na2S2O3) prior to the final 
analysis in order to convert residual hypochlorite (OCl-) to chloride ion.  The presence of 
hypobromite is also assumed to be converted to bromide under these conditions. 
 
Note:  A sample volume of 100 mL was used to convert the results to total μg for the 
method blanks, laboratory control samples, and client reagent blanks. 
 
For demonstration of analytical method performance on these samples, STL Knoxville 
analyzed matrix spikes (MS) and matrix spike duplicates (MSD).  Acceptable recoveries 
of these spikes demonstrate that quantitation from this particular stack gas matrix is 
accurate and acceptable.  Impinger samples containing 0.1N H2SO4 and 0.1N NaOH 
display matrix interference effects causing poor method performance and possibly giving 
unreliable data unless the interference is removed.  Therefore, the samples were diluted 
in the lab to remove the interference for a more accurate chloride response.  The samples 
may be analyzed at increasing dilutions along with matrix spikes until matrix spikes 
recover from the sample within laboratory control limits.  The ion chromatograph 
calibration range used to quantitate the sample results permits a standard ten-fold sample 
dilution while supporting the reporting limit with the low calibration standard. 
 
The dilution factor reported on the sample result form does not represent the bench 
dilution factor.  It is actually the combination of factors required by the method to 
convert the anion reporting limit and method detection limit from μg/mL to total μg.  It 
may appear to be elevated because it includes the total sample volume in mL. 
 
The pH for several samples was adjusted prior to analysis.  Refer to the STL Knoxville 
Source Air Analysis Sample Information form in the Raw Data section of the deliverable. 

 
 
STL Knoxville maintains the following certifications, approvals and accreditations: Arkansas DEQ Cert. #05-043-0, 
California DHS ELAP Cert. #2423, Colorado DPHE, Connecticut DPH Cert. #PH-0223, Florida DOH Cert. #E87177, 
Georgia DNR Cert. #906, Hawaii DOH, Illinois EPA Cert. #000687, Indiana DOH Cert. #C-TN-02, Iowa DNR Cert. 
#375, Kansas DHE Cert. #E-10349, Kentucky DEP Lab ID #90101, Louisiana DEQ Cert. #03079, Louisiana DOHH 
Cert. #LA030024, Maryland DHMH Cert. #277, Massachusetts DEP Cert. #M-TN009, Michigan DEQ Lab ID #9933, 
New Jersey DEP Cert. #TN001, New York DOH Lab #10781, North Carolina DPH Lab ID #21705, North Carolina 
DEHNR Cert. #64, Ohio EPA VAP Cert. #CL0059, Oklahoma DEQ ID #9415, Pennsylvania DEP Cert. #68-00576, 
South Carolina DHEC Lab ID #84001001, Tennessee DOH Lab ID #02014, Utah DOH Cert. # QUAN3, Virginia DGS 
Lab ID #00165, Washington DOE Lab #C120, West Virginia DEP Cert. #345, Wisconsin DNR Lab ID #998044300, 
Naval Facilities Engineering Service Center and USDA Soil Permit #S-46424. This list of approvals is subject to 
change and does not imply that laboratory certification is available for all parameters reported in this environmental 
sample data report. 
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Total Particulates: 
 
The measurement of the mass of particulate matter trapped by the particulate filter and 
probe rinse derived from an M-5 sampling train was performed using SOP number 
KNOX-WC-0006 (based on EPA Methods 0050 and 5).  Microfiber filters, Petri dishes, 
and 150 mL beakers are carefully inspected and tare weighed to constant weight.  After 
sample collection, the filters are dried, and then carefully weighed to constant weight to 
determine the mass of particulate matter trapped on the filters. The acetone probe rinse 
solution is evaporated to dryness, and then weighed to constant weight to determine the 
total particulate mass collected in the rinse. The total particulate mass collected by an M-
5 train is the sum of the particulate filter and the acetone probe rinse residue weights. 
 
Filter thimbles and disks were submitted for analysis that were not prepared by STL 
Knoxville.  The reported weight is the gross weight, which includes the total weight of 
the filter and the entrained particulate material.   Unfortunately, the laboratory 
information system will not report sufficient digits to obtain a precise net particulate 
weight when the tare weight is subtracted from the gross weight.  The actual raw data is 
tabulated below for the user’s convenience. 
 

Lot-Sample 
Number 

Work 
Order 

Number 
Client ID 

Gross 
Weight 
Average    

(mg) 

H6J100230-001 JF4DR1AA UNIT N0.2 INLET RUN 1 THIMBLE 6563.4 
H6J100230-005 JF4FQ1AA UNIT N0.2 INLET RUN 2 THIMBLE 7812.6 
H6J100230-009 JF4F01AA UNIT N0.2 INLET RUN 3 THIMBLE 5855.7 
H6J100230-013 JF4F81AA UNIT N0.2 STACK RUN 1 FILTER 425.7 
H6J100230-017 JF4GP1AA UNIT N0.2 STACK RUN 2 FILTER 399.1 
H6J100230-021 JFFG01AA UNIT N0.2 STACK RUN 3 FILTER 425.0 

 
Some of the samples were very hygroscopic and it was difficult to achieve constant 
weight.  Extra measurements were taken, with baking and cooling in a dessicator between 
 
 
STL Knoxville maintains the following certifications, approvals and accreditations: Arkansas DEQ Cert. #05-043-0, 
California DHS ELAP Cert. #2423, Colorado DPHE, Connecticut DPH Cert. #PH-0223, Florida DOH Cert. #E87177, 
Georgia DNR Cert. #906, Hawaii DOH, Illinois EPA Cert. #000687, Indiana DOH Cert. #C-TN-02, Iowa DNR Cert. 
#375, Kansas DHE Cert. #E-10349, Kentucky DEP Lab ID #90101, Louisiana DEQ Cert. #03079, Louisiana DOHH 
Cert. #LA030024, Maryland DHMH Cert. #277, Massachusetts DEP Cert. #M-TN009, Michigan DEQ Lab ID #9933, 
New Jersey DEP Cert. #TN001, New York DOH Lab #10781, North Carolina DPH Lab ID #21705, North Carolina 
DEHNR Cert. #64, Ohio EPA VAP Cert. #CL0059, Oklahoma DEQ ID #9415, Pennsylvania DEP Cert. #68-00576, 
South Carolina DHEC Lab ID #84001001, Tennessee DOH Lab ID #02014, Utah DOH Cert. # QUAN3, Virginia DGS 
Lab ID #00165, Washington DOE Lab #C120, West Virginia DEP Cert. #345, Wisconsin DNR Lab ID #998044300, 
Naval Facilities Engineering Service Center and USDA Soil Permit #S-46424. This list of approvals is subject to 
change and does not imply that laboratory certification is available for all parameters reported in this environmental 
sample data report. 
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STL Knoxville maintains the following certifications, approvals and accreditations: Arkansas DEQ Cert. #05-043-0, 
California DHS ELAP Cert. #2423, Colorado DPHE, Connecticut DPH Cert. #PH-0223, Florida DOH Cert. #E87177, 
Georgia DNR Cert. #906, Hawaii DOH, Illinois EPA Cert. #000687, Indiana DOH Cert. #C-TN-02, Iowa DNR Cert. 
#375, Kansas DHE Cert. #E-10349, Kentucky DEP Lab ID #90101, Louisiana DEQ Cert. #03079, Louisiana DOHH 
Cert. #LA030024, Maryland DHMH Cert. #277, Massachusetts DEP Cert. #M-TN009, Michigan DEQ Lab ID #9933, 
New Jersey DEP Cert. #TN001, New York DOH Lab #10781, North Carolina DPH Lab ID #21705, North Carolina 
DEHNR Cert. #64, Ohio EPA VAP Cert. #CL0059, Oklahoma DEQ ID #9415, Pennsylvania DEP Cert. #68-00576, 
South Carolina DHEC Lab ID #84001001, Tennessee DOH Lab ID #02014, Utah DOH Cert. # QUAN3, Virginia DGS 
Lab ID #00165, Washington DOE Lab #C120, West Virginia DEP Cert. #345, Wisconsin DNR Lab ID #998044300, 
Naval Facilities Engineering Service Center and USDA Soil Permit #S-46424. This list of approvals is subject to 
change and does not imply that laboratory certification is available for all parameters reported in this environmental 
sample data report. 
 

each measurement.  Several samples still did not achieve a stable weight, but there is 
enough evidence to demonstrate that the reported results are reasonably reproducible.  
The affected samples are: UNIT N0.2 INLET RUN 2 THIMBLE, UNIT N0.2 STACK RUN 1 
FILTER, UNIT N0.2 STACK RUN 2 FILTER, UNIT N0.2 STACK RUN 2 ACETONE, UNIT 
N0.2 STACK RUN 3 FILTER, and UNIT N0.2 STACK RUN 3 ACETONE. 
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BILLY J. MULLINS, JR.; President 
 
 
Education Post Graduate Study Environmental Engineering at Southern 

Methodist University; Dallas, Texas 1970. 
 
 M.S. 1969, New York University; New York, New York, in Civil 

Engineering (Air Resources). 
 
 B.S. 1968, Texas Tech University; Lubbock, Texas, in Civil 

Engineering (Water Resources). Studies in Engineering at the U.S. 
Naval Academy; Annapolis, Maryland, 1963-1964 

 
 
Professional Attended Short Course on Air Pollution Engineering at the University 
Training of Texas at Austin, February 1970. 
Courses 
 Attended four-week management course presented by the American 

Management Association, 1976. 
 
 
Certification Registered Professional Engineer 
 Certified Visible Emissions Evaluator 
 Licensed Private Pilot (Multi-Engine-Land, Instrument) 
 Diplomat in the American Academy of Environmental Engineers 
 Inductee into the Stack Sampling Hall of Fame 
 Certified as Qualified Environmental Professional (QEP) 
 
 
Professional Air & Waste Management Association – Past Chairman, Past Vice  
Memberships Chairman, and Past Board of Directors of North Texas Chapter and 

Southwest Section; Past Chairman, Consultants Committee; Past 
Chairman, Source Measurement Committee 

 
 Source Evaluations Society – Past President, Past Board of 

Directors 
 
 American Management Association 
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MULLINS (p. 2) 
 
 
Publications Authored “Real World Experience with USEPA’s New Sampling and 

Analytical Methods for Conducting Risk Burn,”  May 1998. 
 
 Co-authored “Sulfur Compound Emissions of the Petroleum 

Production Industry,” December 1974. 
 
 Co-authored “Field Procedure for Stabilizing Hydrogen Sulfide 

Samples to be Analyzed Using Modified Methylene Blue Technique,” 
presented at the Conference on Ambient Air Quality Measurements, 
Austin, Texas, March 1975. 

 
 Co-authored “Atmospheric Emissions Survey of the Sour Gas 

Industry,” October 1975. 
 
 Co-authored “Technique for Insuring the Validity of Samples for High 

Concentrations of Sulfur Dioxide Using the EPA Method 5 Sampling 
Train,” presented at the Third National Conference on Energy and 
the Environment, College Corner, Ohio, September 1975. 

 
 
Teaching Conducted training seminars on sampling methods periodically since  
Experience 1974 to present. 
 
 Conducted a one-day seminar on Part 75 Testing over ten times in 

1993 and 1994. 
 
 Served as a lecturer in the Environmental Protection Agency’s (EPA) 

training course number 450, “Source Sampling for Particulate 
Pollutants,” for two years from January 1974 to October 1975 and 
March, 1992. 

 
 Conducted a two-day training course entitled “technical Assistance in 

Source Sampling” at Iowa State University, Ames, Iowa, for the 
Environmental Protection Agency (EPA), October 1974. 

 
 Conducted Environmental Protection Agency’s (EPA) training course 

number 450, “Source Sampling for  Particulate Pollutants,” at 
Research Triangle Park, North Carolina, September 1975. 
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MULLINS (p. 3) 
 
 
Teaching Conducted a two-day short course entitled “Performing and 
Experience Observing Source Sampling,” Dallas, Texas, July 1976, May 1977,  
 (Cont’d) October 1977, November 1987 and November 1988; Lake Charles, 

Louisiana, May 1977; Casper Wyoming, May 1977; Point Comfort, 
Texas, November 1992. 

 
 Served as a lecturer in the Environmental Protection Agency’s two-

day seminar entitled “Asphalt Industry Environmental Solutions,” 
presented in Dallas, Texas, March 21-22, 1979. 

 
 Conducted a two-day short course entitled “Performing and 

Observing Source Sampling,” Phoenix, Arizona, August, 1990, for the 
State of Arizona, Department of Environmental Quality; Lincoln, 
Nebraska, March 1980, for the State of Nebraska, Air Quality Control 
Division. 

 
 
Technical Directed and performed stack sampling on over 2000 sources of  
Experience which over 500 were sampled simultaneously using more than one 

sampling train at several points in the flue gas stream; 1972-present. 
 
 Directed and performed over 200 short-term ambient air studies 

using mobile sampling vans and various ambient air sampling 
equipment; 1972-present. 

 
 Designed, directed and operated over 20 permanent ambient air 

networks of various size and duration for a variety of parameters; 
1972-present. 

 
 Designed surface and underground drainage systems for residential 

subdivisions, public works projects, and shopping centers; 1969-
1972. 

 
 Designed several residential subdivisions including lot layout, street 

design, drainage design, and utility design; 1969-1972. 
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Research Supervised and conducted a study made by the Hawaiian Sugar  
Projects Planters’ Association to characterize the emissions for several 

bagasse-fired boilers, April-May 1976. 
 
 Supervised and conducted a study made by the Rio Grande Valley 

Sugar Growers, Inc. to determine the area affected by the burning of 
sugarcane fields prior to harvesting, November 1974-April 1975. 

 
 Supervised and conducted a study by a lightweight aggregate 

manufacturer to develop a material balance around the process 
through sampling and analysis of several parameters, November 
1973. 

 
 Conducted a study in New York City to attempt to develop a 

correlation in the ambient air between carbon dioxide and sulfur 
dioxide to provide a tool for predicting air pollution predicting air 
pollution episodes, January-May 1969. 

 
Related Served as Chairman of the Engineering Foundation Conference on  
Projects Stack Sampling and Source Evaluation in Destin, Florida, 2002, and 

Santa Barbara, California, 1985. 
 
 Served as Co-Chairman of the Engineering Foundation Conference 

on Stack Sampling and Source Evaluation in Destin, Florida, 2001. 
 
 Served as Session Chairman at the Engineering Foundation 

Conference on Stack Sampling and Source Evaluation in Hershey, 
Pennsylvania, 1984; San Diego, California, 1993; and in Palm Coast, 
Florida, 1994. 
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BILLY L. HEFLEY; Associate 
 
 
Education B.S. 1992, East Central University; Ada, Oklahoma, in Environmental 

Science with a concentration in Environmental Management. 
 
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Also attended an 8-hour refresher course January 1994, February 

1995, January 1996, and May 2004. 
 
 Attended 8-hour Safe Hazardous Materials Transportation Training 

Program (HM-126F and HM-181) Dallas, Texas, October 1994. 
 
 Attended Bill Mullins’ Performing and Observing Source Sampling 

Short Course; Dallas, Texas, January 1995. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Professional Air & Waste Management Association 
Memberships Source Evaluations Society 
 
 
Technical Participated in the sampling of over 750 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1992-
present. 

 
 Participated in an auditing program for a permanent eight-station 

sulfur dioxide ambient air network in East Texas, 1992-1993. 
 
 Participated in a semi-monthly ambient air monitoring survey for 

organic compounds at a petrochemical facility located in South 
Texas, 1992-1993. 

 
 Participated in EPA’s Information Collection Request for Mercury 

conducting more than 46 simultaneous tests for Speciated Mercury 
using the "Standard Test Method for Elemental, Oxidized, Particle-
Bound, and Total Mercury in Flue Gas Generated from Coal-Fired 
Stationary Sources (Ontario Hydro Method)." September  1999-May 
2000. 
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 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR & 10S Oxides of Nitrogen 

Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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GARY B. GOLDMAN; Associate 
 
 
Education B.S. 1993, University of Texas at Arlington; Arlington, Texas, in 

Geology. 
  
 
Certification Certified Visible Emissions Evaluator 
 
 
Professional Source Evaluation Society 
Memberships 
 
 
Technical Senior Emissions Evaluator with the Texas Commission on 
Experience  Environmental Quality, responsible for oversight of all source testing 

activities within the State of Texas, Region 4, which encompasses 19 
counties in the North Texas region, 1999-2005. 

 
 Participated in the sampling of over 750 sources, including several of  
 which were sampled simultaneously utilizing more than one sampling 

train, 1994-1999. 
 
 Thoroughly trained in all EPA testing procedures specified in Title 40 

of the Code of Federal Regulations, Part 60. 
  
 Thoroughly trained in Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, 0010 Through 0100 Series. 
  
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 

Experienced with calibration techniques for all field testing 
equipment. 

 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
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 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR/S Oxides of Nitrogen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
 
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Attended HAZWOPER 8-hour refresher course, 1994-2005. 
  
 Attended the following Environmental Protection Agency (EPA) 

Courses: 
  Course 345, Emission Capture and Gas Handling System 

Inspection 
  Course 380, Fugitive Source Inspection 
  Course 400, Introduction to Hazardous Air Pollutants 
  Course 413, Control of Particulate Emissions 

   Course 415, Control of Gaseous Emissions 
  Course 418, Control of Nitrogen Oxide Emissions 

   Course 427, Combustion Evaluation 
   Course 444, Air Pollution Field Enforcement 
   Course 445, Inspection of Particle Control Devices 
   Course 446, Inspection Safety Procedures 

  Course 450, Source Sampling for Particulate Pollutants 
  Course 452, Principles and Practice of Air Pollution Control 
  Course 455, Inspection of Gas Control Devices and Selected 

Industries 
   Course 474, Continuous Emission Monitoring 

  Course 482, Sources and Control of Volatile Organic Air 
Pollutants 

 
 Attended the following California Air Resources Board (CARB) 

Courses 
   Course 221, Continuous Emission Monitoring 
   Course 233, Solvent Cleaning: Degreasing Operations 
   Course 242, Hot Mix Asphalt Facilities 
   Course 245, Cement Plants 
   Course 270, Incinerators 
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PATRICK SELAKOVICH; Associate 
 
 
Education B.S.B.A. 1992, University of Arkansas; Fayetteville, Arkansas, in 

General Business. 
 
Professional Attended 24-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1997. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120) & ‘Train the Trainer’, 
Gettysburg, Pennsylvania, July 1998. 

 
 Also attended an 8-hour refresher course January 2000, January 

2001, and May 2004. 
 
 Attended OSHA General Industry Safety and Health Training, May 

1999. 
 
 
Professional Society For Human Resource Management 
Memberships 
 
 
Technical Participated in the sampling of over 150 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1996-
present. 

 
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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SCOT JACKSON; Associate 
 
 
Education B.S.B.A. May 1978, Mountain View Jr. College, in General Business. 
 
Professional Purchasing Supervisor for METCO Environmental, Inc. in charge of   
Training inventory and supplies. January 1995 – April 2005. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120), Dallas, Texas, May 2000. 
 
 Attended Fed-Ex Hazardous Goods Shipping Training, June 2004. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Participated in the sampling of over 100 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1995-
present. 

 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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SCOT JACKSON; Associate 
 
 
Education B.S.B.A. May 1978, Mountain View Jr. College, in General Business. 
 
Professional Purchasing Supervisor for METCO Environmental, Inc. in charge of   
Training inventory and supplies. January 1995 – April 2005. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120), Dallas, Texas, May 2000. 
 
 Attended Fed-Ex Hazardous Goods Shipping Training, June 2004. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Participated in the sampling of over 100 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1995-
present. 

 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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1 Task description 

Public Service of New Hampshire (PSNH) operates two coal fired boilers with cyclone burners  

(Unit 1: 120 MW and Unit: 2: 330 MW) at Merrimack Station which is located in Bow,  

New Hampshire. ADA-ES, Inc. carries out a comprehensive research program for mercury mitigation 

at Merrimack Station and, in this context, was interested in the behaviour of sulphur trioxide (SO3) 

along the flue gas path from the air heater outlet to the stack. For this reason E.ON Engineering 

GmbH was commissioned to carry out SO3 baseline testing and SO3 testing during sorbent injection at 

Merrimack Station, Unit 2. 

2 Test schedule, SO3 measurement locations 

All the tests were performed at full load (332 MWgross) when firing fuel blends of various low and mid 

sulfur coals. Unit 2 is equipped with a tubular heat exchanger (air heater) and soot blowers are not 

installed. The following test locations and measuring points for SO3 testing were agreed: 

For baseline testing (October 02-03, 2006): 

- Air heater outlet, North and South):  Two ducts, three ports, 1 point deep (ca. 1.8 m, 5.9 ft) 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

- Downstream ESP II, upstream stack: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

For testing during sorbent injection (October 31 and November 01, 2006): 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

At the sampling location "air heater outlet" flue gas temperatures at the different sampling ports were 

provided by the client. It was agreed upon that SO3 sampling was performed on three ports with 

highest, lowest and medium average temperatures along the measured points. The temperature profile 

of the ducts at air heater outlet is given in Annex 1. 

A graphical representation of all test locations is given in Figures 1 and 2. 



B.-Unit:   PAU 
Name:  Dr. Mayer/Fe
Date:   12/20/2006�������������� Environmental Services   
Page:   4 of 17 
Phone:   +49-2096016284 
Fax:   +49-2096016403 ADA-ES, Merrimack Station, Unit #2  

SO3 Test Report - D R A F T - Report-No:  06-16-640285 

M
er

rim
ac

k,
 S

O
3 

Te
st

 R
ep

or
t.d

oc
 

Figure 1: Scheme of Merrimack Station, Unit 2, and location of sampling ports used for SO3
sampling 

Figure 2: Sampling ports at air heater outlet (used ports in black) and average flue gas temperatures 
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3 Measuring and Analytical Methods 

3.1 Measuring Parameter: Sulphur Trioxide (SO3) 

Measuring Method: (Modified) Controlled Condensation Method 

The Controlled Condensation Method (VGB Method 4.5.2) was designed to measure the vapour phase 
of SO3 by condensation as H2SO4 under controlled gas conditions, eliminating the potential for 
interference with sulphur dioxide. This method was applied during baseline testing. 

The Controlled Condensation Method has been modified by E.ON Engineering for determining 
sulphuric acid emissions downstream of wet scrubbers or at wet stacks of coal fired power stations or 
where any alkaline ashes or sorbents are present in the flue gas which may react with the SO3 on the 
filter. Instead of the typically used quartz filter, the E.ON method utilizes a tubular electrostatic 
precipitator (ESP) to remove the ash particles to the side walls away from the gas stream. The 
sulphuric acid aerosols, if present, are evaporated in the ESP without intensive contact to fly ash 
particles. The high residence time of the gas stream within the heated ESP and the operation of the 
ESP at a temperature level significantly higher than the acid dew point ensure that only gaseous SO3 is 
entering the condenser. This Method was applied for testing during sorbent injection. 

Sampling Equipment: 

The following items were used for sample collection: 

Sampling Train: 
A schematic of the sampling train used is shown below in Figure 3. The schematic is similar to the 
Method 8A1 train (as used in the US) except that the impingers for SO2 determination are omitted and 
that - in case of the modified method - an electrostatic precipitator is used instead of the quartz filter. 
The dry gas meter was replaced by a wet gas meter eliminating the need for a silica gel drying tube.  

Quartz wool filter: 
Quartz tube with lateral inlet in direction of the flue gas flow and packed with quartz wool. The filter 
is heated by the flue gas (isothermal filter conditions). 

Probe liner: 
Quartz, straight tube approximately 10-mm inside diameter, with a heating element and a stainless 
steel jacket. The temperature of the probe is controlled by a thermocouple taped on the quartz tube 
insulated with glass wool. Probe temperature was set to 260 °C (500 °F). 

                                                
1 A Method from the National Council of the Paper Industry for Air and Stream Improvement
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Figure 3: Sulphuric Acid Sampling Train 

Electrostatic Precipitator (ESP): 
Tubular ESP heated up to 200 °C (392 °F).  
High voltage: 2 to 24 kV. Maximum flow rate: 70 l/min.  
View and schematic of the ESP is given in Figure 4.

The filter consists of an exchangeable tube with a removable precipitation foil and a spray electrode in 
the center. The filter is placed in a caloric isolated container. The heating is adjusted to 200 °C 
(392 °F). At a high voltage of 24 kV and a filter current of 0.5 mA the separation efficiency of the 
filter is > 99.5 % for a particle size of 0.1 to 10 μm.  

Figure 4: View and Schematic of the ESP 
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H2SO4 Condenser: 
The condenser coil is made from borosilicate glass with 500 cm of 6 mm ID tubing. The condenser 
coil is placed in a water bath which is maintained at a temperature of 80-90 °C (175-195 °F). 

Metering System: 
This system consists of a vacuum gauge, leak-free pump, temperature sensors capable of measuring 
temperature to within 1 °C, wet gas meter (WGM) capable of measuring volume to within 2 percent, 
and related equipment, as shown in Figure 3.  

Sample Recovery 
After each sampling run, the condensation coil is removed from the water bath and cooled down to 
ambient air temperature. The condensation coil is then rinsed with deionised water in a volumetric 
flask. Multiple rinses are used for good washing. The volumetric flask is filled up with deionised 
water to exactly 200 ml. 

Sample Analysis 
With a graduated pipette a volume of 20 ml is taken from the volumetric flask (section 4.2.2.3) and 
transferred to a 250 ml Erlenmeyer flask. After adding 80 ml of 2-propanol (IPA) and 4 drops of 
Thorine as indicator the solution is titrated with barium-perchlorate. Based on the sampled gas volume 
and the titration test result, the sulphuric acid aerosol concentration present in the flue gas is 
calculated. 

Limit of Determination: 1 mg/m3 at a sample volume of 0.1 m3  

3.2 Measuring Parameter: Oxygen (O2) 

Oxygen was measured at the gas meter outlet of each SO3 sampling train.  

Analyzer: Manufacturer: M & C Company, Type: PMA 10

Measuring Range: 0 - 30 Vol.-% 

Analyzer Calibration: Calibration Gas: Air (20.9 Vol.-%) 

Limit of Determination: 0.1 Vol.-%  
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4 Test Conditions and Results 

4.1 Operating Conditions of the Plant during Testing 

Normally all SO3 tests were carried out during full load of the plant (321 MW gross). On October 3rd

2006 initially baseline testing at full load with reduced air heater outlet temperature was intended. 

However, due to transformer troubles, boiler load had to be reduced to 232 MW gross and therefore SO3

testing was performed at reduced load. Detailed plant data of the testing period 10/02/2006 - 

10/03/2006 are summarized in Annex 2. 

4.2 Testing Results 

Baseline Testing: 

The results of the baseline testing during full load operation without injection of SO3 sorbents at the 

three different sampling locations are summarized in Table 1. Detailed sampling and analysis data of 

each individual testing are documented in Annex 3. 

Table 1: Summarized Results of SO3 Baseline Testing* 

Date Location Average Flue Gas 
Temperature 

Number 
of Tests 

Average SO3
Concentration 

Comment 

  [°F]  [ppm at 3 % O2]  

10/02/2006 Air heater outlet 344 12 12.9 three ports (7, 10, 16)

10/02/2006 Inter ESP 331 7 15.2 one port 

10/02/2006 ESP II outlet 327 7 13.9 one port 

* Tests on October 03, 2006 at reduced load are not considered in this table 

Testing during Sorbent Injection: 

Summarized results of testing with sorbent injection on October 31st and November 1st, 2006 are 

presented in Table 2. Detailed sampling and analysis data of each individual testing are documented in 

Annex 4. 
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Table 2: Summarized Results of SO3 Testing at Sampling Location "Inter ESP"  
during Sorbent Injection 

Date Time Number 
of Tests 

Average SO3
Concentration 

Comment 

   [ppm at 3 % O2]  

10/31/2006 10:30-12:00 3 14.8 No injection 

10/31/2006 16:30-18:00 3 10.2 With injection* 

11/01/2006 10:10-10:40 2 8.8 Injection: 500 lb/h, drop temp. before pre-heater 

11/01/2006 11:15-14:10 6 8.5 Injection: 625 lb/h, drop temp. before pre-heater 

11/01/2006 14:55-16:15 4 7.3 Injection: 625 lb/h, normal temp. before pre-heater 

11/01/2006 17:15-17:55 2 20.2 No injection, drop temp. before pre-heater 

* One test without injection within this time period is not considered in these values. 

PAU/May-Fe 

12/20/2006 

 Hans-Joachim Dieckmann  Dr. Johannes Mayer 
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5 Annex 

Annex 1 Temperature Profile at Air Heater Outlet 

Annex 2 Plant Data of October 02-03, 2006 

Annex 3 Individual Results of SO3 Baseline Testing 

Annex 4 Individual Results of SO3 Testing during Sorbent Injection 
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Annex 1: Flue gas temperatures [°F] at air heater outlet, provided by the client  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

6 5/16 349 368 340 317  -  -  - 366

19 347 362 337 307 306  -  - 361

31 11/16 342 360 334 308 303 331 360 363

44 5/16 354 351 334 330 305 335 365 370

51 359 357 347 345 308 354 368 368

69 364 353 344 342 319 351 360 360

Average 352.5 358.5 339.3 324.8 308.2 342.8 363.3 364.7

Port no.
Duct North Duct South

D
ep

th
 [i

nc
he

s]

Date of measurement: 09/29/2006 
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Annex 2.1: Plant Data of October 02-03, 2006 
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Annex 2.2: Plant Data of October 02-03, 2006 (continued) 
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Annex 2.3: Plant Data of October 02-03, 2006 (continued) 
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Annex 3.1: Individual Results of SO3 Baseline Testing 

test period titration

V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:20-09:29 150 1022 23 5.1 136 1.15 9.5 10.8
09:55-10:03 150 1024 22 5.5 137 1.25 10.2 11.9
10:10-10:20 150 1024 22 5.2 137 1.25 10.2 11.6

average: 10.0 11.4
10:44-10:54 150 1024 24 8.8 136 0.85 7.0 10.4
11:00-11:09 150 1023 24 8.6 135 0.90 7.5 10.8
11:44-11:54 150 1023 23 8.5 136 0.90 7.4 10.7

average: 7.3 10.6
12:31-12:41 150 1023 21 3.0 137 1.90 15.5 15.5
14:20-14:30 150 1023 22 3.0 137 1.70 14.0 14.0
14:40-14:50 155 1023 21 3.0 142 1.80 14.2 14.2

average: 14.6 14.6
15:32-15:42 150 1025 23 4.5 137 1.60 13.1 14.3
16:27-16:38 205 1028 21 4.2 189 2.35 13.9 14.9
17:20-17:30 150 1020 19 4.5 138 1.70 13.8 15.1

average: 13.6 14.8
total 

average: 11.4 12.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:40-09:48 160 1019 23 4.6 145 1.60 12.4 13.6
10:45-10:53 165 1017 24 4.7 148 1.75 13.2 14.6
12:34-12:42 160 1017 24 4.7 143 1.85 14.5 16.0
15:12-15:20 160 1018 23 4.7 144 1.70 13.2 14.6
15:49-15:57 160 1018 24 4.7 143 1.65 12.9 14.2
16:25-16:33 160 1018 23 4.8 144 1.95 15.2 16.9
17:24-17:32 160 1017 23 4.6 144 1.95 15.2 16.7

average: 13.8 15.2

331 °F

331 °F

331 °F
331 °F
331 °F

port 7, 325 °F

331 °F

port 7, 325 °F

Table A3-2:  SO3 test results inter ESP, 10/02/2006 (all testing without ESP)

comment

331 °F

gas counter
3

(STP, dry)

ports 7, 10, 16

port 7, 325 °F

port 10, 308 °F
port 10, 308 °F

port 7, 325 °F

port 7, 325 °F

port 10, 308 °F

port 16, 365 °F

port 16, 365 °F
port 16, 365 °F

port 7, 325 °F, with ESP

port 7, 325 °F

port 16, 365 °F

SO3 concentration
(STP, dry)gas counter comment

Table A3-1:  SO3 test results at air heater outlet (ESP Inlet), 10/02/2006

port 7, 325 °F

port 10, 308 °F
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Annex 3.2: Individual Results of SO3 Baseline Testing (continued) 

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:20-10:28 160 1017 24 5.5 143 1.35 10.6 12.3
11:04-11:12 160 1017 24 5.6 143 1.45 11.3 13.3
12:10-12:18 160 1017 24 5.6 143 1.60 12.5 14.6
15:30-15:38 161 1018 24 5.6 145 1.40 10.8 12.7
16:09-16:17 160 1018 24 5.6 144 1.55 12.1 14.1
16:45-16:53 160 1018 23 5.6 144 1.60 12.5 14.6
17:06-17:14 160 1018 24 5.5 144 1.75 13.6 15.9

average: 11.9 13.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
08:35-08:45 150 1020 21 7.5 137 0.60 4.9 6.6
08:55-09:04 150 1020 21 7.5 137 0.65 5.3 7.1
09:55-10:10 200 1022 22 7.5 182 1.05 6.5 8.6
10:20-10:33 200 1022 22 7.5 182 1.00 6.2 8.2

average: 5.7 7.6

reduced load
reduced load

reduced load
reduced load

Table A3-4:  SO3 test results ESP II Outlet, 10/03/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment

327 °F
327 °F
327 °F

327 °F
327 °F
327 °F
327 °F

Table A3-3:  SO3 test results ESP II Outlet, 10/02/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment
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Annex 4.1: Individual Results of SO3 Testing during Sorbent Injection 

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
16:30-16:55 150 1017 22 5.7 136 1.10 9.1 10.7 with Injection
17:20-17:40 150 1014 22 5.6 135 1.00 8.3 9.7 with Injection
17:40 18:00 150 1013 22 5.6 135 1.05 8.7 10.2 with Injection

average: 8.7 10.2 with injection

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:10 - 10:30 150 1019 22 5.7 136 0.90 7.4 8.7
10:30 - 10:40 100 1017 22 5.8 90 0.60 7.4 8.8

average: 7.4 8.8
11:15 - 11:35 150 1014 22 5.7 135 0.85 7.0 8.3
11:35 - 11:55 150 1016 22 5.8 136 0.85 7.0 8.3
11:55 - 12:15 170 1016 22 5.6 154 0.95 6.9 8.1
12:15 - 12:35 150 1017 22 5.8 136 0.95 7.8 9.3
13:30 - 13:50 160 1019 22 5.6 145 0.95 7.3 8.6
13:50 - 14:10 150 1018 22 5.8 136 0.85 7.0 8.3

average: 7.2 8.5
14:55 - 15:15 160 1018 23 5.7 144 0.85 6.6 7.8
15:15 - 15:35 150 1017 23 5.8 135 0.80 6.6 7.9
15:35 - 15:55 150 1017 23 5.5 135 0.70 5.8 6.8
15:55 - 16:15 150 1019 23 5.7 135 0.70 5.8 6.8

average: 6.2 7.3
17:15 - 17:35 150 1018 23 5.7 135 2.05 17.0 20.0
17:35 - 17:55 150 1018 23 5.6 135 2.10 17.4 20.4

average: 17.2 20.2 normal. / 0 lb/h

drop temp. before pre-heater   
Injection = 500 lb/h

drop temp. before pre-heater   
Injection = 625 lb/h

normal temp.  before pre-heater 
Injection = 625 lb/h

normal temp.  before pre-heater
No injection

drop temp. / 500 lb/h

drop temp. / 625 lb/h

normal temp. / 625 lb/h

Table A4-2:  SO3 test results inter ESP, 11/01/2006 (all testing with ESP)
gas counter (STP, dry) comment

Table A4-1:  SO3 test results inter ESP, 10/31/2006 (all testing with ESP)

gas counter (STP, dry) comment
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Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

1.0 Introduction 
PLATT ENVIRONMENTAL SERVICES, INC. (PES) conducted a sulfuric acid 
mist emissions test program at the Public Service of New Hampshire (PSNH) 
Merrimack Generating Station on Unit 2 in Bow, New Hampshire on March 26 
and 28, 2008. This report summarizes the results of the test program and test 
methods used. 

The test locations, test parameters, test dates are summarized below. 

Test Overview 

Test Locations Test Parameter Test Dates 
Unit 2:  

SCR Inlet, SCR Outlet, Air 
Preheater Outlet, Primary ESP 
Outlet, Secondary ESP Outlet 

Sulfuric acid mist (SO3 as 
H2SO4)

March 26 through 28, 2008 

The identification of individuals associated with the test program is summarized 
below.

Location Address Contact 
Test
Coordinator 

ADA-ES, Inc. 
8100 South Park Way 
Unit B 
Littleton, Colorado, 80120 

Mr. Tom Campbell 
Manager, DOE Demonstrations 
303-734-1727 (phone) 
303-734-0330 (fax) 
tomc@adaes.com 

Testing
Company 
Representative 

Platt Environmental Services, Inc. 
371 Balm Court 
Wood Dale, Illinois 60191 

Mr. Eric L. Ehlers 
(630) 521-9400 (phone) 
eehlers@plattenv.com 

The test crew consisted of Messrs. L. Sorce and E. Ehlers of PES. 

1



Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

2.0 Executive Summary 
Selected results of the test program are summarized below, in Table 1. A 
complete summary of emission test results follows the narrative portion of this 
report.

Three test runs were performed at each of the below test locations with trona 
injection of 500 lbs/hr, and the supplementary ESP outlet was rerun with a trona 
injection rate of 1000 lbs/hr. 

Table 1 
Test Results 

Parameter Test Location Condition Particulate 
Phase 

Gaseous 
Phase 

Sulfuric Acid Mist (ppm 
SO3 as H2SO4)

Unit 2 SCR Inlet 500 lbs/hr 
trona injection 

rate

4.23 12.13 

Unit 2 SCR Outlet 5.71 8.52 

Unit 2 Air Preheater 
Outlet 

3.96 6.68 

Unit 2 Primary ESP 
Outlet 

2.89 6.40 

Unit 2 Supplementary 
ESP Outlet* 

2.93 7.56 

Unit 2 Supplementary 
ESP Outlet 

1000 lbs/hr 
trona injection 

rate

1.69 3.37 

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and 
results of particulate and gaseous phase SO3 are presented as one number.

      

2



Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

3.0 Test Methodology 
Emissions testing was conducted following the methods specified in 40 CFR, 
Part 60, Appendix A. A schematic of the sampling train used and copies of field 
data sheets for each test run are included in the Appendix. 

The following methodology was used during the test program: 

Consol Controlled Condensate Sulfuric Acid Mist (SO3)
Determination
Stack gas sulfuric acid mist (SO3) concentrations were determined in accordance 
with the Consol Controlled Condensate Method. An Environmental Supply 
Company, Inc. sampling train was used to sample stack gas, in the manner 
specified in the Method.

The flue gas was extracted through a quartz-lined probe fitted with a quartz wool 
plug to remove particulate matter. SO3 was then collected as the sample gas 
passed through a hot water cooled condenser that was also loosely packed with 
quartz wool. The condenser assembly was maintained at a temperature of 
140oF. The sample was then passed through impingers loaded with 3% H2O2 to 
capture the sulfur dioxide (SO2) passing through the system. The impingers were 
placed in an ice bath to maintain the exit gas from the last impinger containing 
silica gel below 68°F. Maintaining the temperature increases the efficiency of the 
silica gel in drying the metered gas. A leak check of the entire sample train was 
performed at a vacuum greater than the sampling vacuum after each sampling 
run in order to determine if any leakage had occurred during the test run. A 
leakage rate not in excess of 2% of the average sampling rate is considered 
acceptable.  

Samples were recovered as follows: the quartz wool particulate plug was 
removed and the probe was rinsed with an 80% IPA solution and placed in one 
bottle, the quartz wool plug in the condenser coil was removed and the coil was 
rinsed with 80% IPA, and the impingers were measured for moisture 
determination and the H2O2 solution was kept for potential analysis for SO2
concentration.

Samples were then taken to the plant laboratory and analyzed Mr. E. Ehlers of 
PES utilizing a barium thorin titration.  Both particulate phase and gaseous phase 
SO3 samples were brought up to a known volume and titrated as required by 
USEPA Method 6. 

3



Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

4.0 Test Result Summaries 

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 1.05 0.01023 50 10 4.13 1.15E-06 5.52
2 9:45-10:30 0.20 0.01023 50 10 4.08 2.21E-07 1.06
3 10:55-11:40 1.10 0.01023 50 10 3.92 1.27E-06 6.10

Average 4.23

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 2.10 0.01023 100 20 4.13 2.30E-06 11.05
2 9:45-10:30 2.60 0.01023 100 20 4.08 2.88E-06 13.84
3 10:55-11:40 2.075 0.01023 100 20 3.92 2.39E-06 11.50

Average 12.13

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Inlet Duct

3/28/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.45 0.01023 200 20 4.31 9.43E-07 4.54
2 15:00-15:45 0.80 0.01023 200 20 4.81 1.50E-06 7.23
3 16:02-16:47 0.50 0.01023 200 20 4.06 1.11E-06 5.35

Average 5.71

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.85 0.01023 220 20 4.31 1.96E-06 9.43
2 15:00-15:45 1.20 0.01023 100 20 4.81 1.13E-06 5.42
3 16:02-16:47 1.00 0.01023 200 20 4.06 2.22E-06 10.70

Average 8.52

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 0.50 0.01023 100 20 4.28 5.27E-07 2.54
3 11:20-12:05 0.40 0.01023 100 20 4.23 4.27E-07 2.05

Average 3.96

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 1.40 0.01023 100 20 4.28 1.48E-06 7.11
3 11:20-12:05 1.10 0.01023 100 20 4.23 1.17E-06 5.65

Average 6.68

Public Service of New Hampshire - Merrimack Station
Unit 2 Air Preheater Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.55 0.01023 100 20 4.06 6.11E-07 2.94
2 16:15-17:00 0.40 0.01023 100 20 4.12 4.38E-07 2.11
3 17:20-18:05 0.70 0.01023 100 20 4.21 7.51E-07 3.61

Average 2.89

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.65 0.01023 100 10 4.06 1.45E-06 6.96
2 16:15-17:00 1.15 0.01023 100 20 4.12 1.26E-06 6.06
3 17:20-18:05 1.20 0.01023 100 20 4.21 1.29E-06 6.19

Average 6.40

Public Service of New Hampshire - Merrimack Station
Unit 2 Primary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.45 0.01023 100 10 6.84 5.94E-07 2.86
2 13:00-13:45 0.40 0.01023 100 10 5.82 6.20E-07 2.99
3* 14:05-14:50 0.00 0.01023 100 10 4.00 0.00E+00 0.00

Average 2.93

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.95 0.01023 100 10 6.84 1.25E-06 6.03
2 13:00-13:45 0.95 0.01023 100 10 5.82 1.47E-06 7.09
3* 14:05-14:50 1.00 0.01023 100 10 4.00 2.26E-06 10.86

Average 6.56

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and results of particulate 
and gaseous phase SO3 are presented as one number.

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.55 0.01023 50 10 4.24 5.86E-07 2.82
2 16:05-16:50 0.20 0.01023 50 10 4.28 2.11E-07 1.02
3 17:00-17:45 0.25 0.01023 50 10 4.41 2.56E-07 1.23

Average 1.69

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.75 0.01023 100 20 4.24 7.98E-07 3.84
2 16:05-16:50 0.65 0.01023 100 20 4.28 6.86E-07 3.30
3 17:00-17:45 0.60 0.01023 100 20 4.41 6.14E-07 2.96

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/28/08
1000 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Average 3.37
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5.0 Conclusion and Certification 
PLATT ENVIRONMENTAL SERVICES, INC. is pleased to have been of service 
to ADA-ES. If you have any questions regarding this test report, please do not 
hesitate to contact us at 630-521-9400. 

CERTIFICATION 

As project manager, I hereby certify that this test report represents a true and 
accurate summary of emissions test results and the methodologies employed to 
obtain those results, and the test program was performed in accordance with the 
methods specified in this test report. 

PLATT ENVIRONMENTAL SERVICES, INC. 

__________________________________ Program Manager 
  Eric L. Ehlers 

__________________________________ Quality Assurance 
  Scott W. Banach 
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APPENDIX D:  CEMS and STM Description 
 
 



Mercury CEMS and STM Equipment 

Thermo Electron Mercury Freedom System��  CEM System 
Description 

The Mercury Freedom� CEM has four key components: the sample extraction probe 
(Figure 1), sample pretreatment and conversion, the mercury analyzer, and the calibration 
module.  These are described briefly below and presented in Figure 2, a schematic of the entire 
system showing the key components and other supporting instrumentation. Two other modules 
that are shown in the sketch are the probe controller, which incorporates pressure regulators and 
temperature controllers for the probe and hot-line, and a zero gas generator for the dilution air 
that scrubs mercury from clean, dry compressed air. 

 

Figure 1: Mercury CEM Extraction Probe  

 

� Sample Extraction Probe.  An inertial filter is used to separate a particulate-free vapor-phase sample 
while minimizing the interactions with fly ash, which can cause sampling artifacts.  A sample is 
drawn from the sample port on the inertial sampling filter using a dilution eductor.  Compressed, 
clean, dry, mercury-free dilution air is delivered to the dilution eductor and a critical orifice is 
connected between the vacuum port on the eductor and the sample port on the inertial filter to 
maintain a fixed sample flow rate.  The sample is immediately diluted with pre-heated dilution air to 
minimize mercury reactions with other flue gas species.  The dilution ratio is typically between 25:1 
and 100:1, depending on the size of the critical orifice and reactivity of the flue gas. The probe is 
heated and all of the internal surfaces that are exposed to sample gas have a glass coating to 
prevent unwanted chemical reactions with the mercury.    

� Sample Pretreatment and Conversion.  A dry, thermal converter, located within the housing for the 
probe, converts oxidized mercury to elemental mercury for a total vapor phase mercury 
measurement. The proprietary design combines high temperature (>750 °F) and a chemical reaction 
to achieve the conversion.  Oxidized mercury can be scrubbed from a second sample stream to 
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deliver only elemental mercury to the analyzer through the second sampling line when a speciated 
measurement is desired. 

� Mercury Analyzer.  The analyzer is capable of measuring both total vapor-phase mercury and 
elemental vapor-phase mercury.  The analyzer determines total vapor-phase mercury 
concentrations by reducing all of the oxidized mercury to the elemental form near the extraction 
location.  To measure elemental mercury, the oxidized mercury is removed while allowing elemental 
mercury to pass through without being altered. Mercury is measured directly in the analyzer using 
Cold Vapor Atomic Fluorescence Spectroscopy (CVAFS).  There is no cross interference from SO2 
with CVAFS.  Because the sample is diluted, it has low moisture, is relatively non-reactive and 
therefore has minimal interference from other gases.  Because no moisture is removed from the 
sample, it is reported on a wet-basis. The analyzer detection limit is currently 1 ng/m3 (�0.1 ppt) 

� Calibration Module.  The calibrator incorporates a mercury source in a temperature-controlled 
chamber that can be heated or cooled to maintain the source at a precise temperature via Peltier 
Cooler/vapor pressure control and mass flow controllers. It can deliver mercury in concentrations 
from 1 to 50 �g/m3. The operator can program the calibrator to deliver zero or span gas to the 
analyzer, to the sample port between the inertial filter and the critical orifice, or upstream of the 
inertial filter.  This allows the user to monitor the operation of the analyzer through direct 
calibrations, buildup on the critical orifice that could result in changes in the dilution ratio, or 
particulate deposits on the filter that may scrub mercury.  The frequency of the cleaning blowback 
air is also controlled through the calibrator module.  Blowback air can be delivered between the 
critical orifice and the filter to clean the filter or upstream of the filter to clear any excess particulate 
that has deposited in the probe extension.   

 



 

Figure 2: Thermo Electron Mercury Freedom™ CEM. 

 

Vapor-Phase Mercury Emissions Using Sorbent Trap Method (STM) 
This non-isokinetic test method samples flue gas while minimizing particulate capture, 

and provides total vapor-phase mercury emissions.  The dry sorbent trap method was proposed in 
the Utility Mercury Reduction Rule (FR January 30, 2004) as a draft EPA test method, Method 
324 Determination of Vapor Phase Flue Gas Mercury Emissions from Stationary Sources Using 
Dry Sorbent Trap Sampling.  The method was proposed in the Utility Mercury Reduction Rule 
either for application as a reference method test, or for continuous compliance measurement for 
mercury.  ADA-ES has used the method in the field since the early 1990’s, and conducted the 
validation testing for Method 324, in which it compared favorably with the Ontario Hydro 
Method.  The procedures used during the MK2 tests were consistent with the procedures used 
during validation testing of the new Method. 

In the recently redacted Clean Air Mercury Rule (CAMR), the proposed Method 324 was 
revised and renamed as 40 CFR Part 75 Appendix K.  The revised and renamed method will be 
an option for some sources for continuous compliance measurements for mercury.  The method 
described in Appendix K has many rigorous quality control requirements that are in excess of 
what is necessary for the Big Brown tests.  However, the principles of the method described in 
40 CFR Part 75 Appendix K will be applied in this test program and will be referred to as the 
sorbent trap method (STM).  The detailed procedures to be followed are summarized here.   
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This mercury measurement method extracts a known volume of flue gas from a duct 
through a dry sorbent trap (containing a specially treated form of activated carbon) as a single-
point sample, with a nominal flow rate of about 400 cc/min at the gas meter.  The dry sorbent 
trap, which is in the flue gas stream during testing, represents the entire mercury sample.  Each 
trap is recovered in the field and shipped to a specialized lab such as Frontier GeoSciences, Inc. 
for analysis.  Each trap is acid leached and the resulting leachate is analyzed for mercury using 
cold vapor atomic fluorescence spectrometry.  Samples can be collected over time periods 
ranging from less than an hour to weeks in duration.  The test result provides a time averaged 
total vapor-phase mercury measurement of the flue gas stream.   

STM sampling collects paired samples as a quality control measure.  The analysis results 
of the paired sample trains are compared and are typically in agreement within 5-20% relative 
percent difference (RPD) or about 1 lb/TBtu.  Another built-in quality assurance measure is 

achieved through the analysis of two trap sections in series.  Each trap has two separate mercury 
sorbent sections, as shown in the figure below, and the “B” section is analyzed to evaluate 
whether any mercury breakthrough occurred.  Low B section mercury, in conjunction with a 
field blank trap, is used to confirm overall sample handling quality. 

The sample train is fairly simple, as shown below.  Major components are a dry sorbent 
trap mounted directly on the end of a probe (usually heated), a moisture knockout outside the 
duct, and a sampling console that controls the sampling rate and meters the flue gas, as well as 
recording data in a data logger.  Key temperatures, sampling volume, and barometric pressure 
are recorded on field sampling data sheets and/or by a data logger for each sample run.   

The STM directly measures mercury concentration in units of μg/dNm3.  Using stack gas 
flow rate and gaseous data from the plant’s CEMS and coal Ultimate Analysis (or EPA Method 
19 F-Factors if Ultimate Analysis is unavailable), results can be calculated and reported in 
lb/TBtu. 
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 8.38 0.38 / 27.30 1.50 rctt 45.14 44.58 / 45.75 0.21

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.48 -0.49 / 3.93 0.21 pres 51.16 50.29 / 51.79 0.26

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 7.90 -1.34 / 27.24 1.48 rfint 74648.52 71593 / 77549 1685.98

mercury concentrations and calibration response lamp intensity not below 20000 Hz
mercury concentrations typical

fluctuations caused by variations in supply air
regular auto-calibration checks

lamp intensity fluctuations normal - OK

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

mercury concentrations typical
fluctuations caused by variations in supply air

regular auto-calibration checks

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

mercury concentrations typical
fluctuations caused by variations in supply air

regular auto-calibration checks

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-5.00
0.00
5.00

10.00
15.00
20.00
25.00
30.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

hgt mer in (sample) hgt mer in (fzero end) hgt mer in (fspan end)

-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

hg0 mer in (sample) hg0 mer in (fzero end) hg0 mer in (fspan end)

-5.00
0.00
5.00

10.00
15.00
20.00
25.00
30.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

hg2 mer in (sample) hg2 mer in (fzero end) hg2 mer in (fspan end)

rctt mer in (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

rctt mer in (all)

pres mer in (all)

50.00

50.50

51.00

51.50

52.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

pres mer in (all)

rfint mer in (all)

71000.00
72000.00
73000.00
74000.00
75000.00
76000.00
77000.00
78000.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

rfint mer in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 216.70 210.28 / 225.24 2.33 edup 16.75 1.17 / 19.55 1.36

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.48 749.48 / 769.70 2.82 orfp 0.93 0.76 / 6.37 0.09

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.42 142.28 / 198.72 12.32 vntp 3.26 2.67 / 3.61 0.20

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK
note: revised interface boards not installed

eductor pressure off during calibrations
eductor pressure OK

variations due to error in air supply - corrected

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK
note: revised interface boards not installed

orifice pressure OK
converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

converter temperature minor fluctuations
note: revised interface boards not installed

umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.
venturi pressure sample < fspan <= fzero

venturi pressure OK

prbt mer in (all)

205.00
210.00
215.00
220.00
225.00
230.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

prbt mer in (all)

cnvt mer in (all)

745.00
750.00
755.00
760.00
765.00
770.00
775.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
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1/23/07
0:00
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umbt mer in (all)

0.00
50.00
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250.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

umbt mer in (all)

0.00

5.00

10.00

15.00

20.00

25.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

edup mer in (sample) edup mer in (fzero end) edup mer in (fspan end)

orfp mer in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

orfp mer in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

vntp mer in (sample) vntp mer in (fzero end) vntp mer in (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.46 0.45 / 0.48 0.00 vac 21.91 0.51 / 22.79 2.82

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 49.67 1.37 / 52.28 7.41 bbkp 49.77 1.61 / 53.57 7.28

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.85 0.04 / 11.25 0.72

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

sample flow OK
flow on both channels equal

probe vacuum OK
variations due to error in air supply - corrected

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
variations due to error in air supply - corrected

dilution pressure OK
variations due to error in air supply - corrected

blowbacks at regular intervals
variations due to error in air supply - corrected

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer in (all)

0.45
0.46
0.46
0.47
0.47
0.48
0.48

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

smplf mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

dilp mer in (sample) dilp mer in (fzero end) dilp mer in (fspan end)

0.00
2.00
4.00
6.00
8.00

10.00
12.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

ain1 mer in (sample) ain1 mer in (fzero end) ain1 mer in (fspan end)

vac mer in (all)

0.00
5.00

10.00
15.00
20.00
25.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

vac mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

bbkp mer in (sample) bbkp mer in (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 7.86 1.37 / 16.57 1.33 rctt 45.14 44.55 / 45.75 0.21

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.47 -0.53 / 1.24 0.26 pres 50.62 49.69 / 51.49 0.36

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 7.39 0.72 / 16.52 1.43 rfint 70096.00 68192 / 71706 1236.44

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized concentrations typical

fluctuations related to changes in total mercury
lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations have been typical
auto-calibrations disabled from 1/27 due to power interruptions

fluctuations caused by air supply interruptions (weather)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental concentrations typical
appears to be decreasing drift over time

may need recalibration (disabled from 1/27)

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-5.00

0.00

5.00

10.00

15.00

20.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hgt mer in (sample) hgt mer in (fzero end) hgt mer in (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hg0 mer in (sample) hg0 mer in (fzero end) hg0 mer in (fspan end)

-5.00

0.00

5.00

10.00

15.00

20.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hg2 mer in (sample) hg2 mer in (fzero end) hg2 mer in (fspan end)

rctt mer in (all)

44.00
44.50
45.00
45.50
46.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

rctt mer in (all)

pres mer in (all)

49.50
50.00
50.50
51.00
51.50
52.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

pres mer in (all)

rfint mer in (all)

68000.00
69000.00
70000.00
71000.00
72000.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

rfint mer in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 216.76 209.49 / 225.76 2.35 edup 16.73 10.32 / 16.84 0.12

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.66 750.01 / 770.48 2.80 orfp 0.86 0.73 / 1.68 0.07

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.60 142.02 / 198.46 12.54 vntp 3.43 2.86 / 3.78 0.13

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK

minor fluctuations on 1/27

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

typical response during calibration routine

prbt mer in (all)

205.00
210.00
215.00
220.00
225.00
230.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

prbt mer in (all)

cnvt mer in (all)

745.00
750.00
755.00
760.00
765.00
770.00
775.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

cnvt mer in (all)

umbt mer in (all)

0.00
50.00

100.00
150.00
200.00
250.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

umbt mer in (all)

0.00

5.00

10.00

15.00

20.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

edup mer in (sample) edup mer in (fzero end) edup mer in (fspan end)

orfp mer in (all)

0.00
0.50
1.00
1.50
2.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

orfp mer in (all)

0.00

2.00

4.00

6.00

8.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

vntp mer in (sample) vntp mer in (fzero end) vntp mer in (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.46 0.45 / 0.47 0.00 vac 22.49 8.37 / 22.74 0.79

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 50.89 12.46 / 52.79 3.40 bbkp 50.88 12.66 / 53.94 3.31

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.93 0.48 / 5.78 0.38

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK probe vacuum OK
air supply interference due to extremely cold weather

(influenced by dilution air pressures)

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
air supply interference due to extremely cold weather

dilution air pressure generally stable
air supply interference due to extremely cold weather

blowback pressure OK
regular blowback schedule

air supply interference due to extremely cold weather

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer in (all)

0.45
0.45
0.46
0.46
0.47
0.47

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

smplf mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

dilp mer in (sample) dilp mer in (fzero end) dilp mer in (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

ain1 mer in (sample) ain1 mer in (fzero end) ain1 mer in (fspan end)

vac mer in (all)

0.00
5.00

10.00
15.00
20.00
25.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

vac mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

bbkp mer in (sample) bbkp mer in (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 9.18 0.00 / 24.96 2.12 rctt 45.15 44.61 / 45.75 0.21

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.57 -0.25 / 2.10 0.23 pres 51.15 50.29 / 172.43 1.24

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 8.61 0.00 / 23.81 2.09 rfint 68412.31 67235 / 87435 680.08

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations typical
cal check timer repaired on 1/29, skipped 1/31

fluctuations caused by air supply interruptions (freezing?)

chamber pressure OK
fluctuations on 1/29 (power service)

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations typical
cal check timer repaired on 1/29, skipped 1/31

fluctuations caused by air supply interruptions (freezing?)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury concentrations typical

fluctuations related to total mercury changes
chamber lamp intensity degradation typical

load

-5.00
0.00
5.00

10.00
15.00
20.00
25.00
30.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hgt mer in (sample) hgt mer in (fzero end) hgt mer in (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hg0 mer in (sample) hg0 mer in (fzero end) hg0 mer in (fspan end)

-5.00
0.00
5.00

10.00
15.00
20.00
25.00
30.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hg2 mer in (sample) hg2 mer in (fzero end) hg2 mer in (fspan end)

rctt mer in (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

rctt mer in (all)

pres mer in (all)

0.00

50.00

100.00

150.00

200.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

pres mer in (all)

rfint mer in (all)

0.00
20000.00
40000.00
60000.00
80000.00

100000.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

rfint mer in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 216.57 210.28 / 224.45 2.06 edup 16.67 3.61 / 17.01 0.50

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.48 698.03 / 767.60 2.71 orfp 0.83 0.66 / 6.37 0.13

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.18 140.71 / 196.62 11.94 vntp 3.12 2.44 / 3.36 0.09

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

venturi response during calibrations OK

converter temperature OK
decrease on 1/29 (power service)

orifice pressure OK
converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

probe temperature OK eductor pressure off during calibrations
eductor pressure OK,  cal response OK

fluctuations on 1/30 and 2/4 due to air supply interruptions

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E
prbt mer in (all)

205.00
210.00
215.00
220.00
225.00
230.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

prbt mer in (all)

cnvt mer in (all)

680.00
700.00
720.00
740.00
760.00
780.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

cnvt mer in (all)

umbt mer in (all)

0.00
50.00

100.00
150.00
200.00
250.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

umbt mer in (all)

0.00

5.00

10.00

15.00

20.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

edup mer in (sample) edup mer in (fzero end) edup mer in (fspan end)

orfp mer in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

orfp mer in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

vntp mer in (sample) vntp mer in (fzero end) vntp mer in (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.45 0.00 / 0.46 0.01 vac 22.39 2.78 / 22.78 1.54

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 50.78 4.32 / 52.25 4.65 bbkp 50.94 4.73 / 54.31 4.64

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.91 0.04 / 5.60 0.46

dilution air flow OK
fluctuations due to air supply interruptions

dilution air pressure OK
fluctuations due to air supply interruptions

blowbacks regular schedule
fluctuations due to air supply interruptions

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK probe vacuum OK
fluctuations due to air supply interruptions

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

smplf mer in (all)

0.00
0.10
0.20
0.30
0.40
0.50

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

smplf mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

dilp mer in (sample) dilp mer in (fzero end) dilp mer in (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

ain1 mer in (sample) ain1 mer in (fzero end) ain1 mer in (fspan end)

vac mer in (all)

0.00
5.00

10.00
15.00
20.00
25.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

vac mer in (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

bbkp mer in (sample) bbkp mer in (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 5.95 -0.16 / 26.37 5.00 rctt 45.14 44.55 / 45.75 0.21

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.52 -0.56 / 3.27 0.43 pres 51.51 50.59 / 748.70 13.88

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 5.43 -1.60 / 25.34 4.83 rfint 66278.06 65224 / 67401 516.80

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized  mercury typical (when stable)

fluctuations/noise on 2/6-2/9 due to air supply failures
unit boiler offline starting on 2/9 (tube leak)

lamp intensity degradation typical
fluctuations related to ambient temperature changes

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations are typical (when stable)
fluctuations/noise on 2/6-2/9 due to air supply failures

unit boiler offline starting on 2/9 (tube leak)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations are typical, cal shift on 2/7
fluctuations/noise on 2/6-2/9 due to air supply failures

unit boiler offline starting on 2/9 (tube leak)

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-5.00

0.00

5.00

10.00

15.00

20.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hgt mer in old (sample) hgt mer in old (fzero end) hgt mer in old (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hg0 mer in old (sample) hg0 mer in old (fzero end) hg0 mer in old (fspan end)

-5.00

0.00

5.00

10.00

15.00

20.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hg2 mer in old (sample) hg2 mer in old (fzero end) hg2 mer in old (fspan end)

rctt mer in old (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

rctt mer in old (all)

pres mer in old (all)

50.00

50.50

51.00

51.50

52.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

pres mer in old (all)

rfint mer in old (all)

65000.00
65500.00
66000.00
66500.00
67000.00
67500.00
68000.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

rfint mer in old (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 216.50 210.01 / 225.24 2.05 edup 16.62 1.03 / 29.22 1.28

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.56 749.74 / 767.60 2.59 orfp 0.83 0.62 / 6.36 0.14

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 175.30 135.46 / 196.89 12.79 vntp 3.02 2.25 / 3.77 0.11

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK, cal response OK

decreases on 2/6, 2/8, and 2/9 due to air supply failures

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
stabilizes on 2/10 due to unit boiler outage (tube leak)

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK, cal response OK
fluctuations due to air supply failures

prbt mer in old (all)

205.00
210.00
215.00
220.00
225.00
230.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

prbt mer in old (all)

cnvt mer in old (all)

745.00
750.00
755.00
760.00
765.00
770.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

cnvt mer in old (all)

umbt mer in old (all)

0.00
50.00

100.00
150.00
200.00
250.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

umbt mer in old (all)

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

edup mer in old (sample) edup mer in old (fzero end) edup mer in old (fspan end)

orfp mer in old (all)

0.00
0.50
1.00
1.50
2.00
2.50
3.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

orfp mer in old (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

vntp mer in old (sample) vntp mer in old (fzero end) vntp mer in old (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.44 0.00 / 0.57 0.01 vac 21.78 1.11 / 22.77 2.97

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 48.89 1.23 / 52.38 8.33 bbkp 49.31 1.47 / 54.25 8.42

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.74 0.04 / 8.15 0.83

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK
change in sample flow due to service (sample pump)

probe vacuum OK
decreases on 2/6, 2/8, and 2/9 due to air supply failures

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow acceptable when stable
decreases on 2/6, 2/8, and 2/9 due to air supply failures

dilution pressure OK
decreases on 2/6, 2/8, and 2/9 due to air supply failures

blowback pressure OK
blowback regular schedule

decreases on 2/6, 2/8, and 2/9 due to air supply failures

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer in old (all)

0.42

0.43

0.44

0.45

0.46

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

smplf mer in old (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

dilp mer in old (sample) dilp mer in old (fzero end) dilp mer in old (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

ain1 mer in old (sample) ain1 mer in old (fzero end) ain1 mer in old (fspan end)

vac mer in old (all)

0.00
5.00

10.00
15.00
20.00
25.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

vac mer in old (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

bbkp mer in old (sample) bbkp mer in old (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 7.68 -0.19 / 13.71 2.16 rctt 45.14 44.58 / 45.84 0.20

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.63 -0.11 / 18.82 0.38 pres 52.15 50.59 / 188.30 3.02

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 7.05 -9.03 / 10.72 2.09 rfint 65468.73 62983 / 67779 1346.89

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated mercury concentrations are typical

unit returned to service on 2/13 (tube leak)
high spike on 2/22 (temporary change of pressure / flow)

lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations are typical
unit returned to service on 2/13 (tube leak)

high spike on 2/22 (temporary change of pressure / flow)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations are typical
unit returned to service on 2/13 (tube leak)

high spike on 2/22 (temporary change of pressure / flow)

chamber pressure OK
pressure slowly increasing

temporary increase on 2/22 (unknown cause)

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hgt merrimack in (sample) hgt merrimack in (fzero end) hgt merrimack in (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

10.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hg0 merrimack in (sample) hg0 merrimack in (fzero end) hg0 merrimack in (fspan end)

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hg2 merrimack in (sample) hg2 merrimack in (fzero end) hg2 merrimack in (fspan end)

rctt merrimack in (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

rctt merrimack in (all)

pres merrimack in (all)

50.00
52.00
54.00
56.00
58.00
60.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

pres merrimack in (all)

rfint merrimack in (all)

62000.00
63000.00
64000.00
65000.00
66000.00
67000.00
68000.00
69000.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

rfint merrimack in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 216.70 209.23 / 224.45 2.08 edup 16.74 16.63 / 17.07 0.07

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.50 749.74 / 767.86 2.84 orfp 0.82 0.62 / 2.26 0.09

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.36 135.46 / 196.89 11.79 vntp 2.81 2.31 / 3.17 0.18

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK

response during calibrations OK

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
fluctuations during blowback OK

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperaure OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

response during calibrations OK

prbt merrimack in (all)

205.00
210.00
215.00
220.00
225.00
230.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

prbt merrimack in (all)

cnvt merrimack in (all)

745.00
750.00
755.00
760.00
765.00
770.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

cnvt merrimack in (all)

umbt merrimack in (all)

0.00
50.00

100.00
150.00
200.00
250.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

umbt merrimack in (all)

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

edup merrimack in (sample) edup merrimack in (fzero end)
edup merrimack in (fspan end)

orfp merrimack in (all)

0.00
0.25
0.50
0.75
1.00
1.25

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

orfp merrimack in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

vntp merrimack in (sample) vntp merrimack in (fzero end) vntp merrimack in (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.43 0.09 / 1.87 0.01 vac 22.65 22.22 / 22.91 0.07

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 51.59 50.96 / 52.38 0.21 bbkp 52.48 51.19 / 54.72 0.56

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.95 4.53 / 5.29 0.07

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK probe vacuum OK
typical decrease in vacuum during blowback

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK

dilution air pressure OK -- only minor fluctuations blowback pressure OK
3-hour blowback schedule

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf merrimack in (all)

0.40
0.42
0.44
0.46
0.48
0.50

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

smplf merrimack in (all)

50.80
51.00
51.20
51.40
51.60
51.80
52.00
52.20
52.40
52.60

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

dilp merrimack in (sample) dilp merrimack in (fzero end) dilp merrimack in (fspan end)

4.40
4.50
4.60
4.70
4.80
4.90
5.00
5.10
5.20
5.30
5.40

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

ain1 merrimack in (sample) ain1 merrimack in (fzero end) ain1 merrimack in (fspan end)

vac merrimack in (all)

22.10
22.20
22.30
22.40
22.50
22.60
22.70
22.80
22.90
23.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

vac merrimack in (all)

51.00
51.50
52.00
52.50
53.00
53.50
54.00
54.50
55.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

bbkp merrimack in (sample) bbkp merrimack in (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 7.70 5.57 / 11.70 0.94 rctt 45.15 44.58 / 45.81 0.20

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.66 -0.01 / 1.87 0.23 pres 53.40 52.39 / 108.07 1.18

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 7.04 5.05 / 11.10 0.90 rfint 62612.65 58177 / 65673 2253.95

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury concentrations are typical

occasional calibration shifts on 2/27 and 3/7
lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations are typical chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations are typical
occasional calibration shifts on 2/27 and 3/7

chamber pressure OK
pressure slowly increasing

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hgt merrimack in (sample) hgt merrimack in (fzero end) hgt merrimack in (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

10.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hg0 merrimack in (sample) hg0 merrimack in (fzero end) hg0 merrimack in (fspan end)

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hg2 merrimack in (sample) hg2 merrimack in (fzero end) hg2 merrimack in (fspan end)

rctt merrimack in (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

rctt merrimack in (all)

pres merrimack in (all)

50.00
52.00
54.00
56.00
58.00
60.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

pres merrimack in (all)

rfint merrimack in (all)

56000.00
58000.00
60000.00
62000.00
64000.00
66000.00
68000.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

rfint merrimack in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 217.00 210.01 / 224.98 1.96 edup 16.87 16.77 / 17.01 0.04

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.75 750.27 / 769.17 2.65 orfp 0.74 0.66 / 1.70 0.04

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.27 140.45 / 200.04 11.80 vntp 2.63 2.37 / 2.92 0.12

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK

response during calibrations OK

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
fluctuations during blowback OK

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

response during calibrations OK

prbt merrimack in (all)

205.00
210.00
215.00
220.00
225.00
230.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

prbt merrimack in (all)

cnvt merrimack in (all)

745.00
750.00
755.00
760.00
765.00
770.00
775.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

cnvt merrimack in (all)

umbt merrimack in (all)

0.00
50.00

100.00
150.00
200.00
250.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

umbt merrimack in (all)

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

edup merrimack in (sample) edup merrimack in (fzero end)
edup merrimack in (fspan end)

orfp merrimack in (all)

0.00

0.50

1.00

1.50

2.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

orfp merrimack in (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

vntp merrimack in (sample) vntp merrimack in (fzero end) vntp merrimack in (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.42 0.33 / 0.45 0.00 vac 22.58 22.14 / 22.73 0.07

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 51.49 51.13 / 52.04 0.20 bbkp 52.51 51.23 / 55.20 0.58

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.94 4.48 / 5.32 0.06

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK probe vacuum OK
typical decrease in vacuum during blowback

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   8 2  —  M E R R I M A C K   I N L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK

dilution air pressure OK -- only minor fluctuations blowback pressure OK
3-hour blowback schedule

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf merrimack in (all)

0.35
0.37
0.39
0.41
0.43
0.45
0.47
0.49

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

smplf merrimack in (all)

51.00
51.20
51.40
51.60
51.80
52.00
52.20

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

dilp merrimack in (sample) dilp merrimack in (fzero end) dilp merrimack in (fspan end)

4.40

4.60

4.80

5.00

5.20

5.40

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

ain1 merrimack in (sample) ain1 merrimack in (fzero end) ain1 merrimack in (fspan end)

vac merrimack in (all)

22.10
22.20
22.30
22.40
22.50
22.60
22.70
22.80

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

vac merrimack in (all)

51.00
51.50
52.00
52.50
53.00
53.50
54.00
54.50
55.00
55.50

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

bbkp merrimack in (sample) bbkp merrimack in (bbfilter)



DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 5.6 3.23 / 13.62 1.12 8 (0.1%) 5.59 3.23 / 9.23 1.11 -
hg0 0.09 -1.16 / 3.80 0.57 8 (0.1%) 0.09 -1.16 / 1.63 0.56 -
hg2 5.51 4.10 / 13.06 0.65 115 (1.2%) 5.48 4.10 / 7.22 0.59 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.61 0.54 / 0.83 0.04 6 (0.1%) 0.61 0.54 / 0.75 0.04 -
raw hg0 0.43 0.39 / 0.51 0.02 0 (0.0%) 0.43 0.39 / 0.51 0.02 -

mercury measurement signals are stable and consistant
step-change on 4/4 due to service (PMT voltage adjustment)

mercury concentrations are at typical levels for most of the week
spikes in concentrations on 4/3, 4/5 and 4/7 are most likely caused to plant operations

unusual drift on 4/6 causes elemental merucry concentrations to be negative

PSNH MERRIMACK UNIT 2 INLET
THERMO MERCURY SYSTEM 82

APRIL 2 — APRIL 8, 2007
WEEK 33: DARCO HG-LH + MgO TESTING

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S

load

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

rawhgt mer in (sample) rawhg0 mer in (sample)

-2

0

2

4

6

8

10

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

hgt mer in (sample) hg0 mer in (sample) hg2 mer in (sample)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

rawhgt mer in (sample) rawhg0 mer in (sample)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 13.64 13.09 / 13.93 0.40 ocoef 1.03 1.00 / 1.04 0.02

tblg 13.52 12.77 / 13.92 0.55 tcoef 0.99 0.98 / 1.00 0.01

PSNH MERRIMACK UNIT 2 INLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

calibrations on 4/7 and 4/8 failed low

calibrations on 4/7 and 4/8 failed low

calibration factor backgrounds OK calibration factor coefficients OK

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

APRIL 2 — APRIL 8, 2007

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15 4/16 4/17

obkg mer in (sample) tblg mer in (sample)

-2

0

2

4

6

8

10

0 5 10 15 20 25 30

4/2/2007 6:00 4/3/2007 6:00 4/4/2007 6:00 4/5/2007 6:00 4/6/2007 6:00 4/7/2007 6:00 4/8/2007 6:00

-2

0

2

4

6

8

10

0 5 10 15 20 25 30

4/2/2007 6:00 4/3/2007 6:00 4/4/2007 6:00 4/5/2007 6:00 4/6/2007 6:00 4/7/2007 6:00 4/8/2007 6:00

12.6
12.8
13.0
13.2
13.4
13.6
13.8
14.0

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

obkg mer in (sample) tblg mer in (sample)

0.97
0.98
0.99
1.00
1.01
1.02
1.03
1.04
1.05

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

ocoef mer in (sample) tcoef mer in (sample)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 217.24 208.96 / 228.13 2.28 intt 34.66 33.81 / 36.26 0.40

prbt * 217.18 211.59 / 222.88 2.14 intt * 34.60 33.81 / 35.52 0.32

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 759.82 748.43 / 769.43 2.68 rctt 45.16 44.61 / 45.78 0.19

cnvt * 759.82 752.11 / 767.60 2.66 rctt * 45.16 44.61 / 45.71 0.19

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.41 143.33 / 196.36 11.85 lampt - - -

umbt * 177.06 150.68 / 196.36 11.20 lampt *

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

mercury lamp temperature not recorded (old software)

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 INLET
APRIL 2 — APRIL 8, 2007

prbt mer in (all)

205

210

215

220

225

230

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

prbt mer in (all)

cnvt mer in (all)

745

750

755

760

765

770

775

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

cnvt mer in (all)

umbt mer in (all)

140

150

160

170

180

190

200

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

umbt mer in (all)

intt mer in (all)

33.5

34.0

34.5

35.0

35.5

36.0

36.5

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

intt mer in (all)

rctt mer in (all)

44.4
44.6
44.8
45.0
45.2
45.4
45.6
45.8
46.0

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

rctt mer in (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 51.18 50.92 / 51.67 0.10 vntp 2.29 2.15 / 2.42 0.04

dilp * 51.18 50.92 / 51.50 0.10 vntp * 2.29 2.19 / 2.41 0.04

dilp span 51.18 50.96 / 51.33 0.11 vntp zero 4.98 4.74 / 5.16 0.14

vac 22.58 22.43 / 22.69 0.08 vntp span 4.12 4.04 / 4.18 0.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 16.88 16.77 / 17.01 0.03 bbkp 52.27 50.85 / 54.65 0.70

edup * 16.88 16.84 / 16.94 0.03 bbkp * 52.20 50.85 / 53.87 0.62

edup cal 1.26 1.23 / 1.30 0.03

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.72 0.65 / 0.77 0.01 pres 63.31 61.37 / 66.16 0.95

orfp * 0.72 0.69 / 0.75 0.01 pres * 63.31 61.37 / 66.16 0.95
orifice pressure OK

minor fluctuations in orifice pressure OK
mercury chamber pressure at elevated levels

pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

blowback pressure is stable and at acceptable levels
blowbacks on 2-hour cycle

pressure elevation on 4/3 due by maintenance
eductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 INLET
APRIL 2 — APRIL 8, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
typical pressure increases during calibrations

0
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20
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40

50

60

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

dilp mer in (sample) vac mer in (sample) dilp mer in (fzero end) dilp mer in (fspan end)

0
2
4
6
8

10
12
14
16
18

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10
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orfp mer in (sample)

0.64
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4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.40 0.38 / 0.43 0.01 ain1 4.87 4.47 / 5.16 0.06

smplf * 0.40 0.38 / 0.43 0.01 ain1 * 4.87 4.73 / 5.01 0.05

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 785.63 776.26 / 790.69 6.37 ain2 - - -

pmtv * 785.63 776.26 / 790.69 6.37 ain2 *

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 60350.89 55976 / 62756 2400.03 ain3 - - -

rfint * 60350.89 55976 / 62756 2400.03 ain3 *
changes in mercury lamp intensity are typical analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage increased as maintenance
change to force instrument calibration coefficient to 1.00

analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK
flow changes caused by changing pump perfomance

analog input 1 measures dilution air flow rate in LPM
measurement fluctuations typical

PSNH MERRIMACK UNIT 2 INLET
APRIL 2 — APRIL 8, 2007
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 6.33 1.77 / 74.51 4.64 41 (0.5%) 6.03 1.91 / 10.54 1.35 -
hg0 1.31 -1.10 / 74.21 4.8 1447 (17.9%) 1.19 0.34 / 2.03 0.28 -
hg2 5.02 -18.16 / 32.58 1.39 42 (0.5%) 5.04 1.83 / 8.25 1.26 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.64 0.51 / 2.86 0.15 247 (3.1%) 0.62 0.56 / 0.69 0.02 -
raw hg0 0.47 0.41 / 2.85 0.16 129 (1.6%) 0.45 0.41 / 0.55 0.03 -

mercury measurement signals are stable and consistant
unusual brief spikes in total and elemental concentrations on 4/14 and 4/15

mercury concentrations are at typical levels
step-change increase in mercury concentrations on 4/9 due to recalibration of system (previous values low)

site trailer and systems experienced a power loss on 4/9
analyzer and calibrator software was updated on 4/11

system stuck in system calibration span on 4/13 to 4/14
unusual brief spikes in total and elemental concentrations on 4/14 and 4/15

PSNH MERRIMACK UNIT 2 INLET
THERMO MERCURY SYSTEM 82

APRIL 9 — APRIL 15, 2007
WEEK 34: DARCO HG-LH + TRONA TESTING

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 15.17 0.00 / 17.48 1.45 ocoef 1.03 0.83 / 1.46 0.27

tblg 13.17 0.00 / 15.04 1.32 tcoef 0.87 0.84 / 1.00 0.06

PSNH MERRIMACK UNIT 2 INLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

calibrations on 4/9 failed low and corrected
system span concentration changed from 6.0 to 9.0 on 4/12 after software upgrade.

calibrations on 4/9 failed low and corrected
system span concentration changed from 6.0 to 9.0 on 4/12 after software upgrade.

calibration factor backgrounds OK
step-change due to reset for software upgrade

calibration factor coefficients OK
coefficent was high from 4/9 to 4/11

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

APRIL 9 — APRIL 15, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 217.11 187.44 / 227.08 2.50 intt 35.10 33.98 / 37.29 0.73

prbt * 217.13 211.59 / 222.88 2.09 intt * 34.97 33.98 / 36.54 0.54

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 757.94 239.94 / 769.17 27.48 rctt 45.15 44.61 / 45.81 0.19

cnvt * 759.77 752.11 / 767.60 2.67 rctt * 45.15 44.61 / 45.71 0.19

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 176.23 89.52 / 196.62 12.62 lampt

umbt * 176.81 149.37 / 196.62 11.64 lampt *

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

mercury lamp temperature after software upgrade
does not work correctly in this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 INLET
APRIL 9 — APRIL 15, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 50.95 1.30 / 51.84 3.42 vntp 2.07 1.66 / 2.39 0.19

dilp * 51.18 50.85 / 51.50 0.12 vntp * 2.07 1.66 / 2.39 0.19

dilp span 51.21 51.06 / 51.47 0.14 vntp zero 17.69 4.95 / 35.28 8.38

vac 22.48 22.27 / 22.61 0.09 vntp span 10.71 10.54 / 10.97 0.18

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 16.87 1.13 / 17.18 1.08 bbkp 51.83 1.54 / 54.96 3.51

edup * 16.94 16.73 / 17.18 0.08 bbkp * 52.01 50.85 / 53.40 0.53

edup cal 1.32 1.27 / 1.40 0.04

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.71 0.67 / 0.92 0.02 pres 71.01 63.46 / 751.10 45.15

orfp * 0.71 0.67 / 0.75 0.02 pres * 67.95 63.46 / 74.24 2.17
orifice pressure OK

increase due to power loss on 4/9
mercury chamber pressure at elevated levels

pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

blowback pressure is stable and at acceptable levels
blowbacks on 3-hour cycle

power loss on 4/9
eductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 INLET
APRIL 9 — APRIL 15, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable; power loss on 4/9

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
typical pressure response changes, software issue?
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.41 0.00 / 0.67 0.03 ain1 4.84 0.04 / 5.39 0.34

smplf * 0.42 0.36 / 0.47 0.02 ain1 * 4.87 4.72 / 5.01 0.05

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 790.29 789.58 / 790.69 0.17 ain2

pmtv * 790.32 - - ain2 *

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 58104.73 5297.00 / 61984.4 2456.30 ain3

rfint * 58104.73 5297.00 / 61984.4 2456.30 ain3 *
changes in mercury lamp intensity are typical

lamp intensity increase over time unusual
analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage stable and OK analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK
step-change increase due to software upgrade?

analog input 1 measures dilution air flow rate in LPM
measurement fluctuations typical

PSNH MERRIMACK UNIT 2 INLET
APRIL 9 — APRIL 15, 2007
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 1.9 -0.59 / 18.45 4.17 1992 (23.5%) -0.13 -0.59 / 1.16 0.19 -
hg0 0.29 -0.60 / 4.38 0.71 1265 (14.9%) 0.03 -0.60 / 1.29 0.35 -
hg2 1.61 -0.79 / 16.65 3.57 2057 (24.3%) -0.06 -0.59 / 0.75 0.16 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.52 0.46 / 0.78 0.08 1992 (23.5%) 0.47 0.46 / 0.52 0.01 -
raw hg0 0.48 0.45 / 0.60 0.01 209 (2.5%) 0.48 0.45 / 0.51 0.01 -

mercury measurement signals are stable and consistant
unit offline on 4/17

unit 2 boiler offline on 4/17
step-change increase in mercury concentrations on 4/16, cal factors not close to what they should have been (correctable)

concentrations on 4/16 and 4/17 (excluding bad calibration) are typical

PSNH MERRIMACK UNIT 2 INLET
THERMO MERCURY SYSTEM 82

APRIL 16 — APRIL 22, 2007
WEEK 35: BASELINE / OUTAGE

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 15.21 13.52 / 37.54 5.91 ocoef 0.81 0.71 / 1.99 0.32

tblg 15.27 12.51 / 37.10 5.78 tcoef 1.01 0.84 / 1.03 0.06

PSNH MERRIMACK UNIT 2 INLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

poor response to span gas concentrations on 4/17 and 4/18 due to interruption of source air supply

poor response to span gas concentrations on 4/17 and 4/18 due to interruption of source air supply

calibration factor backgrounds OK
backgrounds set incorrectly on 4/16 and corrected

calibration factor coefficients OK
coefficents set incorrectly on 4/16 and corrected

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

APRIL 16 — APRIL 22, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 217.21 210.80 / 226.55 2.10 intt 35.55 34.00 / 37.29 0.79

prbt * 217.20 211.59 / 222.88 2.05 intt * 35.55 34.00 / 37.29 0.79

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 760.02 749.74 / 768.65 2.79 rctt 45.16 44.64 / 45.84 0.19

cnvt * 760.02 751.84 / 768.38 2.77 rctt * 45.15 44.64 / 45.71 0.18

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 175.22 120.76 / 197.41 15.36 lampt 40.31 - -

umbt * 177.97 146.22 / 197.41 12.09 lampt * 40.31 - -

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

does not work correctly in this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 INLET
APRIL 16 — APRIL 22, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 41.69 1.27 / 51.80 19.58 vntp 1.76 1.27 / 2.10 0.22

dilp * 51.21 50.48 / 51.74 0.17 vntp * 1.76 1.27 / 2.10 0.22

dilp span 40.49 1.34 / 51.80 20.81 vntp zero 16.00 1.31 / 20.97 7.65

vac 22.45 22.05 / 22.73 0.14 vntp span 10.56 9.98 / 11.14 0.34

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 14.02 1.13 / 17.24 6.20 bbkp 43.35 1.54 / 54.82 20.33

edup * 17.04 16.84 / 17.21 0.05 bbkp * 53.23 48.62 / 54.82 1.02

edup cal 1.28 1.13 / 1.37 0.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.65 0.48 / 0.83 0.10 pres 71.94 69.15 / 217.64 2.06

orfp * 0.65 0.48 / 0.83 0.10 pres * 71.92 69.15 / 75.44 1.32
orifice pressure OK

source air interrupted on 4/18
orifice pressure changes as unit is offline

mercury chamber pressure at high levels
pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

blowback pressure is stable and at acceptable levels
blowbacks on 3-hour cycle

source air interrupted on 4/18
eductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 INLET
APRIL 16 — APRIL 22, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable; source air interrupted on 4/18

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
source air interrupted on 4/18
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.41 0.00 / 0.44 0.01 ain1 3.94 0.05 / 5.38 1.88

smplf * 0.41 0.39 / 0.44 0.01 ain1 * 4.85 4.55 / 5.09 0.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 790.33 789.58 / 790.69 0.13 ain2 0.04 0.03 / 0.05 0.00

pmtv * 790.32 - - ain2 * 0.04 0.03 / 0.05 0.00

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 62219.49 60597 / 63577 1048.17 ain3 0.04 0.03 / 0.05 0.00

rfint * 62219.49 60597 / 63577 1048.17 ain3 * 0.04 0.03 / 0.04 0.00
changes in mercury lamp intensity are typical analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage stable and OK analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK analog input 1 measures dilution air flow rate in LPM
source air interrupted on 4/18

PSNH MERRIMACK UNIT 2 INLET
APRIL 16 — APRIL 22, 2007
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 30.3 -7.46 / 2430 154 208 (7.8%) 15.7 -0.619 / 39.3 10.3 -
hg0 14.4 -37.5 / 2340 138 904 (33.7%) 2.5 -0.343 / 5.92 1.3 -
hg2 15.9 -108 / 1110 36.4 168 (6.3%) 12.1 -13.7 / 35.4 8.28 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 1.61 0.391 / 79.3 4.99 660 (24.6%) 1.07 0.624 / 1.72 0.249 -
raw hg0 1.25 0.275 / 79.3 4.65 630 (23.5%) 0.817 0.528 / 1.15 0.135 -

system only in sample mode from 5/30 to 6/1 and from 6/28 to 7/1
blowback / system zero mode for maintenance and non-operation from 6/1 to 6/28

5/21 to 5/30 — no data recorded due to power off to the CEMS
5/30 to 6/1 — sample mode and calibration checks / troubleshooting

6/1 to 6/28 — blowback / system zero mode for maintenance and non-operation
6/28 to 7/1 — sample mode and calibration checks / maintenance / troubleshooting

PSNH MERRIMACK UNIT 2 INLET
THERMO MERCURY SYSTEM 82

MAY 28 — JULY 1, 2007
WEEK 41 — 45: CEMS SERVICE / MAINTENANCE

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S

load
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 49.8 11.9 / 131 31.4 ocoef 0.983 0.743 / 1.68 0.256

tblg 42.8 12.1 / 94.7 20.6 tcoef 0.915 0.549 / 1.04 0.138
backgrounds calculated on 5/30 are OK
backgrounds calculated on 6/28 are high

coefficients calculated on 6/28 are OK

calibrations were only performed as troubleshooting during maintenance and non-operation
they are not to be considered valid for quality control and system integrity

calibrations were only performed as troubleshooting during maintenance and non-operation
they are not to be considered valid for quality control and system integrity

PSNH MERRIMACK UNIT 2 INLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

MAY 28 — JULY 1, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 205 0 / 235 43 intt 32.5 22 / 40 1.27

prbt * 222 214 / 228 2.05 intt * 32.3 29.8 / 34.8 0.837

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 743 0 / 939 100 rctt 45.1 24.2 / 45.8 0.346

cnvt * 760 752 / 768 2.73 rctt * 45.1 44.6 / 45.7 0.202

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 145 19.2 / 200 15 lampt 40.3 - -

umbt * 147 111 / 186 10.4 lampt * 40.3 - -

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

converter temperature stable at setpoint
fluctuations due to maintenance

greater signal noise due to old probe controller boards

mercury lamp heater not installed on this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature stable at setpoint
fluctuations due to maintenance

analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature stable at setpoint
fluctuations due to maintenance

detection chamber temperature OK

PSNH MERRIMACK UNIT 2 INLET
MAY 28 — JULY 1, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 49.5 18.3 / 55.5 0.828 vntp 23.9 1.53 / 29.6 7.73

dilp * 49.4 49.1 / 49.9 0.147 vntp * 23.9 1.53 / 29.6 7.73

dilp span 49.7 48.4 / 55.4 2.03 vntp zero 30.6 20.6 / 35.3 4.92

vac 22.6 0.943 / 23.1 0.548 vntp span 25.7 13 / 35.3 6.87

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 12.5 1.23 / 19.5 1.4 bbkp 58.4 12.1 / 63.5 1.44

edup * 12.3 12 / 12.6 0.119 bbkp * 58.5 57.8 / 59.5 0.337

edup cal 1.33 1.17 / 1.68 0.148

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.566 0.384 / 1.35 0.105 pres 73.2 8.08 / 762 114

orfp * 0.565 0.384 / 0.86 0.101 pres * 51.7 50.3 / 53.6 0.478
orifice pressure OK when in sample mode

system not in sample mode from 6/1 to 6/28
chamber pressure elevated when in system zero mode

fluctuations due to maintenance

blowback pressure OK in sample mode
system not in sample mode from 6/1 to 6/28eductor pressure OK when in sample mode

eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 INLET
MAY 28 — JULY 1, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure and vacuum OK in sample mode
system not in sample mode from 6/1 to 6/28

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure too high when in sample mode
increase in venturi pressure OK when in system cal mode
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.473 0 / 1.87 0.148 ain1 4.57 -0.0744 / 11.3 1.01

smplf * 0.489 0.0482 / 0.721 0.0942 ain1 * 4.68 4.51 / 4.85 0.0474

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 797 578 / 944 25.7 ain2 0.0192 0.00797 / 0.0478 0.00457

pmtv * 791 790 / 791 0.216 ain2 * 0.0198 0.0159 / 0.0239 0.00188

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 60000 47700 / 98400 2740 ain3 0.0238 0.0132 / 0.0503 0.00449

rfint * 59900 55300 / 67800 2560 ain3 * 0.0235 0.0132 / 0.0344 0.004
lamp intensity OK and degradation typical

fluctuations due to power source interruptions
analog input 3 is not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

pmt voltage stable in system zero mode
fluctuations during maintenance

analog input 2 is not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow not analyzed in system zero mode analog input 1 measures dilution air flow in LPM
fluctuations due to maintenance

air flow rate stable in system zero mode

PSNH MERRIMACK UNIT 2 INLET
MAY 28 — JULY 1, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 9.10 0.54 / 32.06 1.74 rctt 45.08 44.64 / 45.62 0.14

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.15 -0.76 / 1.82 0.34 pres 65.19 46.61 / 756.10 82.04

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 8.93 0.00 / 31.51 1.67 rfint 169945.09 163859 / 176102 3439.93

mercury concentrations and calibration response lamp intensity not below 20000 Hz
mercury concentrations typical

fluctuations caused by variations in supply air and Thermo Hg2+ 
source

lamp intensity fluctuations normal - OK

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

mercury concentrations typical
fluctuations caused by variations in supply air and Thermo Hg2+ 

source

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

mercury concentrations typical
fluctuations caused by variations in supply air and Thermo Hg2+ 

source

chamber pressure OK (current is 50-53 mmHg)
spikes in data caused by on-site service

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 220.07 181.66 / 230.49 10.62 edup 16.13 0.93 / 19.01 1.67

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 786.91 745.02 / 800.93 15.91 orfp 0.65 0.47 / 0.86 0.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 131.80 55.65 / 190.06 32.60 vntp 4.33 3.61 / 8.16 0.89

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK
step-change based on settings change (user input)

eductor pressure off during calibrations
eductor pressure OK

variations due to error in air supply - corrected

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK
step-change based on settings change (user input)

orifice pressure OK
converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature large fluctuations and noise
note: update to interface board not installed

umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.
venturi pressure sample < fspan <= fzero

venturi pressure OK
fluctuations caused by on-site service (Thermo Hg2+ source)
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150.00

200.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

umbt mer out (all)

0.00

5.00

10.00

15.00

20.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

edup mer out (sample) edup mer out (fzero end) edup mer out (fspan end)

orfp mer out (all)

0.00
0.20
0.40
0.60
0.80
1.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

orfp mer out (all)

0.00
2.00
4.00
6.00
8.00

10.00
12.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

vntp mer out (sample) vntp mer out (fzero end) vntp mer out (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.19 0.00 / 0.41 0.12 vac 20.75 0.61 / 22.04 3.30

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 50.86 1.47 / 54.65 8.86 bbkp 47.97 1.40 / 51.19 8.12

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.54 0.03 / 7.99 0.88

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

sample gas flow NOT OK - ON-SITE REPAIR REQUIRED
possible leaks between channels after service 

(Thermo Hg2+ source)

probe vacuum OK
variations due to error in air supply - corrected

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   1 5   T O   J A N U A R Y   2 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
variations due to error in air supply - corrected

dilution pressure OK
variations due to error in air supply - corrected

blowbacks at regular intervals
variations due to error in air supply - corrected

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer out (all)

0.00
0.10
0.20
0.30
0.40
0.50

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

smplf mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

dilp mer out (sample) dilp mer out (fzero end) dilp mer out (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

ain1 mer out (sample) ain1 mer out (fzero end) ain1 mer out (fspan end)

vac mer out (all)

0.00
5.00

10.00
15.00
20.00
25.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

vac mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/14/07
0:00

1/15/07
0:00

1/16/07
0:00

1/17/07
0:00

1/18/07
0:00

1/19/07
0:00

1/20/07
0:00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

bbkp mer out (sample) bbkp mer out (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 7.20 -3.81 / 61.29 6.62 rctt 45.07 19.38 / 45.58 0.49

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 0.55 0.00 / 53.54 3.72 pres 63.08 50.47 / 754.91 80.08

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 6.04 -2.03 / 9.91 2.67 rfint 164982.93 44482 / 182338 3129.60

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury concentrations typical

measurements interrupted 1/24 to 1/26, 1/27 to 1/29 (power)
lamp intensity high, OK

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations typical
measurements interrupted 1/24 to 1/26, 1/27 to 1/29 (power)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations typical
measurements interrupted 1/24 to 1/26, 1/27 to 1/29 (power)

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-20.00

0.00

20.00

40.00

60.00

80.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hgt mer out (sample) hgt mer out (fzero end) hgt mer out (fspan end)

-10.00
0.00

10.00
20.00
30.00
40.00
50.00
60.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hg0 mer out (sample) hg0 mer out (fzero end) hg0 mer out (fspan end)

-4.00
-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

hg2 mer out (sample) hg2 mer out (fzero end) hg2 mer out (fspan end)

rctt mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

rctt mer out (all)

pres mer out (all)

0.00
200.00
400.00
600.00
800.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

pres mer out (all)

rfint mer out (all)

0.00
50000.00

100000.00
150000.00
200000.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

rfint mer out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 225.83 44.10 / 232.85 4.32 edup 15.99 0.49 / 18.06 2.17

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 769.47 0.00 / 829.29 100.13 orfp 0.59 0.11 / 0.86 0.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 131.09 15.49 / 188.22 33.10 vntp 4.07 3.16 / 4.39 0.18

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK

response typical during calibration routine

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

response typical during calibration routine

prbt mer out (all)

0.00
50.00

100.00
150.00
200.00
250.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

prbt mer out (all)

cnvt mer out (all)

0.00
200.00
400.00
600.00
800.00

1000.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

cnvt mer out (all)

umbt mer out (all)

0.00
50.00

100.00
150.00
200.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

umbt mer out (all)

0.00

5.00

10.00

15.00

20.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

edup mer out (sample) edup mer out (fzero end) edup mer out (fspan end)

orfp mer out (all)

0.00
0.20
0.40
0.60
0.80
1.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

orfp mer out (all)

0.00

2.00

4.00

6.00

8.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

vntp mer out (sample) vntp mer out (fzero end) vntp mer out (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.14 0.00 / 0.53 0.08 vac 20.62 1.02 / 22.00 3.55

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 51.53 1.30 / 54.25 7.80 bbkp 48.72 1.34 / 50.96 7.06

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 4.52 0.00 / 6.37 0.77

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK
Thermo installed metal sample orifices to replace glass orifice
causes changes in sample flow, informed was OK by Thermo

probe vacuum OK
affected by air supply and power interruptions

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 2   T O   J A N U A R Y   2 8 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
affected by air supply and power interruptions

dilution air pressure OK
affected by air supply and power interruptions

blowback pressure OK
regular blowback schedule

affected by air supply and power interruptions

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer out (all)

0.00
0.10
0.20
0.30
0.40
0.50
0.60

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

smplf mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

dilp mer out (sample) dilp mer out (fzero end) dilp mer out (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

ain1 mer out (sample) ain1 mer out (fzero end) ain1 mer out (fspan end)

vac mer out (all)

0.00
5.00

10.00
15.00
20.00
25.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

vac mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/21/07
0:00

1/22/07
0:00

1/23/07
0:00

1/24/07
0:00

1/25/07
0:00

1/26/07
0:00

1/27/07
0:00

1/28/07
0:00

1/29/07
0:00

1/30/07
0:00

bbkp mer out (sample) bbkp mer out (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 14.71 -11.00 / 97.96 25.43 rctt 45.06 19.38 / 45.62 0.68

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 11.37 -7.86 / 54.72 21.76 pres 244.24 39.48 / 758.77 311.45

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 3.29 -22.95 / 77.46 7.75 rfint 167006.35 0 / 182536 4245.94

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

S Y S T E M   I N   S E R V I C E   S I N C E   J A N U A R Y   2 4 ,   2 0 0 7

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

mercury concentrations and calibration response lamp intensity not below 20000 Hz

load

-20.00
0.00

20.00
40.00
60.00
80.00

100.00
120.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hgt mer out (sample) hgt mer out (fzero end) hgt mer out (fspan end)

-20.00
-10.00

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hg0 mer out (sample) hg0 mer out (fzero end) hg0 mer out (fspan end)

-40.00

-20.00

0.00

20.00

40.00

60.00

80.00

100.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

hg2 mer out (sample) hg2 mer out (fzero end) hg2 mer out (fspan end)

rctt mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

rctt mer out (all)

pres mer out (all)

0.00

200.00

400.00

600.00

800.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

pres mer out (all)

rfint mer out (all)

0.00

50000.00

100000.00

150000.00

200000.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

rfint mer out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 177.78 0.00 / 234.16 74.66 edup 11.15 0.49 / 20.74 5.74

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 665.87 27.56 / 848.45 231.24 orfp 0.73 0.11 / 6.37 0.68

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 118.93 6.83 / 188.49 47.37 vntp 3.86 1.43 / 4.42 0.33

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.
venturi pressure sample < fspan <= fzero

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

eductor pressure off during calibrations

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

S Y S T E M   I N   S E R V I C E   S I N C E   J A N U A R Y   2 4 ,   2 0 0 7

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E
prbt mer out (all)

0.00
50.00

100.00
150.00
200.00
250.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

prbt mer out (all)

cnvt mer out (all)

0.00
200.00
400.00
600.00
800.00

1000.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

cnvt mer out (all)

umbt mer out (all)

0.00

50.00

100.00

150.00

200.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

umbt mer out (all)

0.00

5.00

10.00

15.00

20.00

25.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

edup mer out (sample) edup mer out (fzero end) edup mer out (fspan end)

orfp mer out (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

orfp mer out (all)

0.00

1.00

2.00

3.00

4.00

5.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

vntp mer out (sample) vntp mer out (fzero end) vntp mer out (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.16 0.00 / 1.87 0.20 vac 15.80 -1.26 / 22.81 8.85

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 39.69 4.29 / 54.62 19.23 bbkp 49.34 4.19 / 51.13 5.55

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 3.80 0.02 / 11.45 1.57

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
J A N U A R Y   2 9   T O   F E B R U A R Y   4 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

S Y S T E M   I N   S E R V I C E   S I N C E   J A N U A R Y   2 4 ,   2 0 0 7

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

smplf mer out (all)

0.00

0.50

1.00

1.50

2.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

smplf mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

dilp mer out (sample) dilp mer out (fzero end) dilp mer out (fspan end)

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

ain1 mer out (sample) ain1 mer out (fzero end) ain1 mer out (fspan end)

vac mer out (all)

-5.00
0.00
5.00

10.00
15.00
20.00
25.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

vac mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

1/29/07
0:00

1/30/07
0:00

1/31/07
0:00

2/1/07
0:00

2/2/07
0:00

2/3/07
0:00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

bbkp mer out (sample) bbkp mer out (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 4.37 -5.05 / 276.97 12.85 rctt 45.08 44.58 / 45.62 0.14

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 3.45 -4.62 / 85.02 12.97 pres 73.59 33.84 / 756.40 111.78

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 0.92 -19.49 / 250.81 7.31 rfint 160147.26 156796 / 165473 1453.81

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury typical

fluctuations on 2/8 to 2/9 due to service
unit boiler offline starting on 2/9 (tube leak) 

lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

average total mercury concentrations for week are typical
fluctuations on 2/8 to 2/9 due to service

unit boiler offline starting on 2/9 (tube leak) 

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

average elemental mercury for week are typical
fluctuations on 2/8 to 2/9 due to service

unit boiler offline starting on 2/9 (tube leak) 

chamber pressure corrected on 2/9 (sample pump)
was increasing from 60 to 100 mmHg before fix

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-5.00

0.00

5.00

10.00

15.00

20.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hgt mer out (sample) hgt mer out (fzero end) hgt mer out (fspan end)

-5.00

0.00

5.00

10.00

15.00

20.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hg0 mer out (sample) hg0 mer out (fzero end) hg0 mer out (fspan end)

-5.00

0.00

5.00

10.00

15.00

20.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

hg2 mer out (sample) hg2 mer out (fzero end) hg2 mer out (fspan end)

rctt mer out (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

rctt mer out (all)

pres mer out (all)

0.00
20.00
40.00
60.00
80.00

100.00
120.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

pres mer out (all)

rfint mer out (all)

156000.00
158000.00
160000.00
162000.00
164000.00
166000.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

rfint mer out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 198.92 83.74 / 213.69 13.87 edup 14.83 0.73 / 20.87 2.86

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 745.30 23.63 / 784.66 92.20 orfp 0.65 0.42 / 6.37 0.46

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 138.34 77.44 / 187.96 26.45 vntp 2.99 1.30 / 4.14 0.91

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature now OK
decrease in temperature due to probe service

eductor pressure off during calibrations
eductor pressure OK, cal response OK

fluctuations due to probe service

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature now OK
decrease in temperature due to probe service

orifice pressure OK
spikes due to transition of gas sample modes

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK, cal response OK after 2/8

prbt mer out (all)

0.00
50.00

100.00
150.00
200.00
250.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

prbt mer out (all)

cnvt mer out (all)

0.00
200.00
400.00
600.00
800.00

1000.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

cnvt mer out (all)

0.00

5.00

10.00

15.00

20.00

25.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

edup mer out (sample) edup mer out (fzero end) edup mer out (fspan end)

orfp mer out (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

orfp mer out (all)

0.00
5.00

10.00
15.00
20.00
25.00
30.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

vntp mer out (sample) vntp mer out (fzero end) vntp mer out (fspan end)umbt mer out (all)

0.00

50.00

100.00

150.00

200.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

umbt mer out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.27 0.00 / 1.87 0.18 vac 20.42 1.28 / 21.56 2.93

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 46.39 1.40 / 49.94 7.96 bbkp 47.01 1.34 / 51.13 8.48

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 2.58 0.02 / 11.37 2.13

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK
change in sample flow due to service (sample pump)

probe vacuum OK
decreases on 2/6, 2/8, and 2/9 due to air supply failures

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   5   T O   F E B R U A R Y   1 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow acceptable when stable
decreases on 2/6, 2/8, and 2/9 due to air supply failures

dilution pressure OK
decreases on 2/6, 2/8, and 2/9 due to air supply failures

blowback pressure OK
blowback regular schedule

decreases on 2/6, 2/8, and 2/9 due to air supply failures

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf mer out (all)

0.00
0.10
0.20
0.30
0.40
0.50

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

smplf mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

dilp mer out (sample) dilp mer out (fzero end) dilp mer out (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

ain1 mer out (sample) ain1 mer out (fzero end) ain1 mer out (fspan end)

vac mer out (all)

0.00
5.00

10.00
15.00
20.00
25.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

vac mer out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/4/07
0:00

2/5/07
0:00

2/6/07
0:00

2/7/07
0:00

2/8/07
0:00

2/9/07
0:00

2/10/07
0:00

2/11/07
0:00

2/12/07
0:00

2/13/07
0:00

bbkp mer out (sample) bbkp mer out (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 8.92 -0.72 / 16.59 2.59 rctt 45.09 44.55 / 45.75 0.15

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 2.66 -0.55 / 7.36 1.06 pres 35.96 32.95 / 49.58 2.05

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 6.26 -0.39 / 10.95 2.09 rfint 157315.90 152897 / 161864 2536.24

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury concentrations not typical (low)

affected by atypical elemental concentrations
unit returned to service on 2/13 (tube leak)

lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations typical
daily fluctuations include parametric testing results

unit returned to service on 2/13 (tube leak)

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations not typical (high)
daily fluctuations include parametric testing results

unit returned to service on 2/13 (tube leak)

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hgt merrimack out (sample) hgt merrimack out (fzero end) hgt merrimack out (fspan end)

-2.00

0.00

2.00

4.00

6.00

8.00

10.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hg0 merrimack out (sample) hg0 merrimack out (fzero end)
hg0 merrimack out (fspan end)

-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

hg2 merrimack out (sample) hg2 merrimack out (fzero end)
hg2 merrimack out (fspan end)

rctt merrimack out (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80
46.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

rctt merrimack out (all)

pres merrimack out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

pres merrimack out (all)

rfint merrimack out (all)

152000.00
154000.00
156000.00
158000.00
160000.00
162000.00
164000.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

rfint merrimack out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 201.53 149.63 / 213.43 2.80 edup 16.06 0.83 / 17.68 0.79

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 758.89 747.91 / 767.86 2.49 orfp 0.59 0.53 / 5.33 0.12

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 135.73 31.50 / 189.01 28.54 vntp 4.09 1.35 / 5.84 1.03

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK, cal response OK

temporary spike on 2/12 caused by unit return to service

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
temporary spike on 2/12 caused by unit return to service

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure abnormal response during calibrations

reason for abnormalities currently unknown

prbt merrimack out (all)

190.00

195.00

200.00

205.00

210.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

prbt merrimack out (all)

cnvt merrimack out (all)

745.00
750.00
755.00
760.00
765.00
770.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

cnvt merrimack out (all)

umbt merrimack out (all)

0.00

50.00

100.00

150.00

200.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

umbt merrimack out (all)

0.00

5.00

10.00

15.00

20.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

edup merrimack out (sample) edup merrimack out (fzero end)
edup merrimack out (fspan end)

orfp merrimack out (all)

0.00
1.00
2.00
3.00
4.00
5.00
6.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

orfp merrimack out (all)

0.00
5.00

10.00
15.00
20.00
25.00
30.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

vntp merrimack out (sample) vntp merrimack out (fzero end)
vntp merrimack out (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.34 0.27 / 0.76 0.04 vac 21.40 20.82 / 21.70 0.10

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 48.79 48.24 / 49.29 0.15 bbkp 50.61 49.94 / 51.16 0.16

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 0.04 0.02 / 0.11 0.01

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK
temporary spikes in flow OK

probe vacuum OK

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   1 2   T O   F E B R U A R Y   2 5 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
minor fluctuations OK

dilution air pressure OK
minor fluctuations OK

blowback pressure OK
3-hour blowback schedule

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf merrimack out (all)

0.00
0.20
0.40
0.60
0.80
1.00

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

smplf merrimack out (all)

48.00
48.20
48.40
48.60
48.80
49.00
49.20
49.40

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

dilp merrimack out (sample) dilp merrimack out (fzero end) dilp merrimack out (fspan end)

0.00
0.02
0.04
0.06
0.08
0.10
0.12

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

ain1 merrimack out (sample) ain1 merrimack out (fzero end)
ain1 merrimack out (fspan end)

vac merrimack out (all)

20.60
20.80
21.00
21.20
21.40
21.60
21.80

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

vac merrimack out (all)

49.80
50.00
50.20
50.40
50.60
50.80
51.00
51.20
51.40

2/11/07
0:00

2/13/07
0:00

2/15/07
0:00

2/17/07
0:00

2/19/07
0:00

2/21/07
0:00

2/23/07
0:00

2/25/07
0:00

2/27/07
0:00

bbkp merrimack out (sample) bbkp merrimack out (bbfilter)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hgt 8.73 6.08 / 12.03 0.96 rctt 45.09 44.55 / 45.65 0.14

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg0 1.49 0.17 / 3.06 0.46 pres 41.46 35.92 / 56.11 3.92

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
hg2 7.23 5.40 / 10.15 0.61 rfint 151617.59 142672 / 157065 4467.47

mercury concentrations and calibration response lamp intensity not below 20000 Hz
calculated oxidized mercury concentrations not typical (low)

affected by abnormal elemental concentrations
lamp intensity degradation typical

mercury concentrations and calibration response chamber temperature setpoint 45°C

mercury concentrations and calibration response chamber pressure stable and not to exceed 50-60 mmHg

total mercury concentrations typical
some calibration drift 3/6 to 3/11

chamber temperature OK

E L E M E N T A L   M E R C U R Y C H A M B E R   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

M E R C U R Y   D E T E C T I O N

T O T A L   M E R C U R Y C H A M B E R   T E M P E R A T U R E

elemental mercury concentrations not typical (high)
some calibration drift on 3/6 to 3/11

chamber pressure OK

O X I D I Z E D   M E R C U R Y C H A M B E R   L A M P   I N T E N S I T Y

load

0.00
2.00
4.00
6.00
8.00

10.00
12.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hgt merrimack out (sample) hgt merrimack out (fzero end) hgt merrimack out (fspan end)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hg0 merrimack out (sample) hg0 merrimack out (fzero end)
hg0 merrimack out (fspan end)

0.00
2.00
4.00
6.00
8.00

10.00
12.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

hg2 merrimack out (sample) hg2 merrimack out (fzero end)
hg2 merrimack out (fspan end)

rctt merrimack out (all)

44.40
44.60
44.80
45.00
45.20
45.40
45.60
45.80

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

rctt merrimack out (all)

pres merrimack out (all)

0.00
10.00
20.00
30.00
40.00
50.00
60.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

pres merrimack out (all)

rfint merrimack out (all)

140000.00
142000.00
144000.00
146000.00
148000.00
150000.00
152000.00
154000.00
156000.00
158000.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

rfint merrimack out (all)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 201.95 196.36 / 207.65 1.91 edup 16.20 15.75 / 16.67 0.12

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 758.69 752.37 / 764.71 2.60 orfp 0.58 0.57 / 0.81 0.01

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 133.70 43.58 / 188.22 30.91 vntp 4.95 3.21 / 5.61 0.40

probe temperature stable between 190-220°C eductor pressure stable between 15-19 psi.

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

P R O B E   T E M P E R A T U R E E D U C T O R   P R E S S U R E

P R O B E   T E M P E R A T U R E S   A N D   P R E S S U R E S

probe temperature OK eductor pressure off during calibrations
eductor pressure OK

eductor response during calibrations OK

C O N V E R T E R   T E M P E R A T U R E O R I F I C E   P R E S S U R E

converter temperature OK orifice pressure OK
temporary spike on 2/12 caused by unit return to service

converter temperature stable between 750-800°C orifice pressure stable between 0-2 psi.

U M B I L I C A L   T E M P E R A T U R E V E N T U R I   P R E S S U R E

umbilical temperature OK
umbilical temperature stable between 170-190°C venturi pressure stable between 2-6 psi.

venturi pressure sample < fspan <= fzero
venturi pressure OK

venturi response during calibrations OK

prbt merrimack out (all)

194.00
196.00
198.00
200.00
202.00
204.00
206.00
208.00
210.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

prbt merrimack out (all)

cnvt merrimack out (all)

750.00
752.00
754.00
756.00
758.00
760.00
762.00
764.00
766.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

cnvt merrimack out (all)

umbt merrimack out (all)

0.00

50.00

100.00

150.00

200.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

umbt merrimack out (all)

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

edup merrimack out (sample) edup merrimack out (fzero end)
edup merrimack out (fspan end)

orfp merrimack out (all)

0.00
0.20
0.40
0.60
0.80
1.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

orfp merrimack out (all)

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

vntp merrimack out (sample) vntp merrimack out (fzero end)
vntp merrimack out (fspan end)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.30 0.24 / 0.66 0.02 vac 21.35 21.02 / 21.67 0.10

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 48.85 48.62 / 49.33 0.11 bbkp 50.58 50.38 / 50.85 0.09

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
ain1 0.05 0.03 / 0.06 0.01

sample flow stable and consistent probe vacuum 20-22 psi, decrease during blowback

dilution pressure 45-55 and extremely stable for all modes blowback pressure stable with regular blowbacks

gas sample flow OK
temporary spikes in flow OK

probe vacuum OK

D I L U T I O N   A I R   P R E S S U R E B L O W B A C K   P R E S S U R E

T H E R M O   M E R C U R Y   S Y S T E M   9 2  —  M E R R I M A C K   O U T L E T
F E B R U A R Y   2 6   T O   M A R C H   1 1 ,   2 0 0 7

G A S   S A M P L E   F L O W P R O B E   V A C C U U M

dilution air flow OK
minor fluctuations OK

dilution air pressure OK
minor fluctuations OK

blowback pressure OK
3-hour blowback schedule

D I L U T I O N   A I R   F L O W

dilution air flow extremely stable for all modes

smplf merrimack out (all)

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

smplf merrimack out (all)

48.50
48.60
48.70
48.80
48.90
49.00
49.10
49.20
49.30
49.40

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

dilp merrimack out (sample) dilp merrimack out (fzero end) dilp merrimack out (fspan end)

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

ain1 merrimack out (sample) ain1 merrimack out (fzero end)
ain1 merrimack out (fspan end)

vac merrimack out (all)

20.90
21.00
21.10
21.20
21.30
21.40
21.50
21.60
21.70
21.80

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

vac merrimack out (all)

50.30
50.40
50.50
50.60
50.70
50.80
50.90

2/25/07
0:00

2/27/07
0:00

3/1/07
0:00

3/3/07
0:00

3/5/07
0:00

3/7/07
0:00

3/9/07
0:00

3/11/07
0:00

3/13/07
0:00

bbkp merrimack out (sample) bbkp merrimack out (bbfilter)



DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 10.55 5.60 / 26.00 3.09 1 (0.0%) 10.55 5.60 / 20.07 3.09 -
hg0 1.87 0.06 / 5.25 0.91 47 (0.5%) 1.86 0.06 / 4.40 0.89 -
hg2 8.68 3.59 / 22.00 2.72 1 (0.0%) 8.68 3.59 / 17.01 2.71 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.46 0.34 / 0.65 0.05 0 (0.0%) 0.46 0.34 / 0.65 0.05 -
raw hg0 0.32 0.28 / 0.38 0.02 0 (0.0%) 0.32 0.28 / 0.38 0.02 -

mercury measurement signals are stable and consistant
step-change on 4/4 due to service (PMT voltage adjustment)

signals appear to be affected by fluctuations in the sample gas pump

mercury concentrations are incorrectly elevated, possibly due to incorrect calibrations
concentrations are also noisy and can be related to the fluctuations in the sample gas pump

concentrations are also affected by changes in chemical injection and parametric testing

PSNH MERRIMACK UNIT 2 OUTLET
THERMO MERCURY SYSTEM 92

APRIL 2 — APRIL 8, 2007
WEEK 33: DARCO HG-LH + MgO TESTING

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S

load

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

rawhgt mer in (sample) rawhg0 mer in (sample)

0

2

4

6

8

10

12

14

16

18

20

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

hgt mer out (sample) hg0 mer out (sample) hg2 mer out (sample)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

4/1 4/2 4/3 4/4 4/5 4/6 4/7 4/8 4/9 4/10

rawhgt mer out (sample) rawhg0 mer out (sample)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 18.97 18.31 / 22.30 1.16 ocoef 1.85 1.78 / 1.92 0.05

tblg 18.40 13.45 / 21.35 2.93 tcoef 0.98 0.60 / 1.17 0.19

PSNH MERRIMACK UNIT 2 OUTLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

calibration responses are unstable
failures appear to be a result of zero drift and instability

calibration responses are unstable
failures appear to be a result of zero drift and instability

calibration factor backgrounds OK elemental calibration coefficient high
total calibration coefficient OK

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

APRIL 2 — APRIL 8, 2007

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15 4/16 4/17

obkg mer in (sample) tblg mer in (sample)
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4
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 201.88 196.89 / 207.65 1.92 intt 34.15 33.21 / 35.87 0.43

prbt * 201.88 196.89 / 207.65 1.92 intt * 34.09 33.21 / 35.11 0.35

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 758.67 752.37 / 765.23 2.71 rctt 45.10 44.58 / 45.68 0.13

cnvt * 758.67 752.37 / 765.23 2.71 rctt * 45.09 44.73 / 45.45 0.13

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 132.36 45.15 / 190.32 32.86 lampt - - -

umbt * 132.36 45.15 / 190.32 32.86 lampt *

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

mercury lamp temperature not recorded (old software)

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 2 — APRIL 8, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 48.70 48.38 / 48.99 0.07 vntp 4.62 4.18 / 5.22 0.20

dilp * 48.70 48.51 / 48.89 0.06 vntp * 4.62 4.18 / 5.22 0.20

dilp span 48.70 48.62 / 48.79 0.06 vntp zero 27.65 24.97 / 28.85 1.29

vac 21.41 21.11 / 21.65 0.10 vntp span 17.45 17.01 / 18.28 0.41

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 16.18 15.92 / 16.67 0.08 bbkp 50.48 49.91 / 50.75 0.07

edup * 16.18 15.99 / 16.36 0.08 bbkp * 50.48 50.35 / 50.58 0.06

edup cal 0.94 0.90 / 1.00 0.04

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.58 0.56 / 0.59 0.00 pres 64.53 53.73 / 75.40 4.36

orfp * 0.58 0.56 / 0.59 0.00 pres * 64.53 53.73 / 75.40 4.36
orifice pressure OK mercury chamber pressure at elevated levels

pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

blowback pressure is stable and at acceptable levels
blowbacks on 3-hour cycleeductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 2 — APRIL 8, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
typical pressure increases during calibrations
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.21 0.18 / 0.25 0.01 ain1 0.06 0.05 / 0.07 0.00

smplf * 0.21 0.18 / 0.25 0.01 ain1 * 0.06 0.05 / 0.06 0.00

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 686.95 680.06 / 690.79 4.77 ain2 - - -

pmtv * 686.95 680.06 / 690.79 4.77 ain2 *

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 144499.82 140577 / 147936 2238.17 ain3 - - -

rfint * 144499.82 140577 / 147936 2238.17 ain3 *
changes in mercury lamp intensity are typical analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage increased as maintenance
change to force instrument calibration coefficient to 1.00

analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK analog input 1 measures dilution air flow rate in LPM
mass flow meter is not connected correctly

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 2 — APRIL 8, 2007
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 17.4 2.94 / 130.87 9.11 42 (0.5%) 16.98 3.04 / 29.23 6.13 -
hg0 3.02 0.51 / 112.23 6.54 51 (0.6%) 2.6 0.51 / 5.69 1.07 -
hg2 14.38 1.81 / 63.68 5.6 294 (3.3%) 14.77 2.79 / 23.89 5.2 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.5 0.33 / 2.24 0.13 315 (3.5%) 0.5 0.34 / 0.64 0.07 -
raw hg0 0.35 0.32 / 2.24 0.11 107 (1.2%) 0.35 0.32 / 0.38 0.01 -

mercury measurement signals are stable and consistant
concentrations are also affected by changes in chemical injection and parametric testing

mercury concentrations are incorrectly elevated, due to incorrect calibration settings (correctable)
calibration factors were not updated 4/12 to 4/16

concentrations are also noisy and can be related to the fluctuations in the sample gas pump
concentrations are also affected by changes in chemical injection and parametric testing

site trailer and systems experienced a power loss on 4/9
analyzer and calibrator software was updated on 4/11

PSNH MERRIMACK UNIT 2 OUTLET
THERMO MERCURY SYSTEM 92

APRIL 9 — APRIL 15, 2007
WEEK 34: DARCO HG-LH + TRONA TESTING

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 20.60 0.00 / 22.00 1.93 ocoef 1.82 1.00 / 1.87 0.05

tblg 29.87 0.00 / 35.18 7.00 tcoef 1.43 1.00 / 1.60 0.22

PSNH MERRIMACK UNIT 2 OUTLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

system span concentration changed from 6.0 to 9.0 on 4/12 after software upgrade
calibration response was incorrectly set to 25.0 instead of 9.0 after 4/12 due to default settings (correctable)

system span concentration changed from 6.0 to 9.0 on 4/12 after software upgrade
calibration response was incorrectly set to 25.0 instead of 9.0 after 4/12 due to default settings (correctable)

calibration factor backgrounds at elevated levels
step-change due to reset for software upgrade

elemental calibration coefficient high
total calibration coefficient high, error in software?

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

APRIL 9 — APRIL 15, 2007

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15 4/16 4/17

obkg mer in (sample) tblg mer in (sample)

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35

4/9/2007 5:58 4/10/2007 5:58 4/11/2007 5:58 4/12/2007 5:59 4/13/2007 5:00 4/14/2007 5:00 4/15/2007 5:00

-2

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35

4/9/2007 5:58 4/10/2007 5:58 4/11/2007 5:58 4/12/2007 5:59 4/13/2007 5:00 4/14/2007 5:00 4/15/2007 5:00

0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0

4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15 4/16 4/17

obkg mer out (sample) tblg mer out (sample)

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00

4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15 4/16 4/17

ocoef mer out (sample) tcoef mer out (sample)



DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 201.90 176.67 / 212.38 2.11 intt 34.50 33.16 / 36.62 0.76

prbt * 201.92 196.10 / 207.65 1.94 intt * 34.43 33.16 / 36.18 0.68

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 756.80 204.24 / 765.23 28.61 rctt 45.10 44.58 / 45.65 0.13

cnvt * 758.64 749.48 / 765.23 2.77 rctt * 45.09 44.73 / 45.45 0.13

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 131.01 44.89 / 187.17 34.12 lampt

umbt * 131.01 44.89 / 187.17 34.12 lampt *

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

mercury lamp temperature after software upgrade
does not work correctly in this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 9 — APRIL 15, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 48.50 1.30 / 49.23 3.07 vntp 4.61 3.68 / 5.28 0.24

dilp * 48.71 48.38 / 49.09 0.13 vntp * 4.62 4.20 / 5.28 0.24

dilp span 48.70 48.55 / 48.96 0.12 vntp zero 24.86 18.53 / 35.28 5.86

vac 21.37 21.17 / 21.59 0.07 vntp span 15.42 12.63 / 19.81 3.16

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 16.12 0.83 / 18.46 1.03 bbkp 50.19 1.44 / 50.65 3.18

edup * 16.18 15.89 / 16.50 0.12 bbkp * 50.40 50.18 / 50.65 0.10

edup cal 0.94 0.90 / 1.00 0.03

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.58 0.56 / 0.62 0.01 pres 71.95 61.15 / 751.94 40.64

orfp * 0.58 0.56 / 0.60 0.01 pres * 69.40 61.15 / 78.96 3.58
orifice pressure OK

increase due to power loss on 4/9
mercury chamber pressure at high levels

pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

blowback pressure is stable and at acceptable levels
blowbacks on 3-hour cycle

power loss on 4/9
eductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 9 — APRIL 15, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable; power loss on 4/9

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
typical pressure response changes, software issue?
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.21 0.00 / 1.30 0.02 ain1 0.06 0.05 / 0.08 0.01

smplf * 0.21 0.19 / 0.24 0.01 ain1 * 0.06 0.05 / 0.07 0.01

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 690.42 690.05 / 690.79 0.08 ain2

pmtv * 690.42 - - ain2 *

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 144614.50 139790 / 148682 3114.23 ain3

rfint * 144614.50 139790 / 148682 3114.23 ain3 *
changes in mercury lamp intensity are typical

lamp intensity increase over time unusual
analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage stable and OK analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK analog input 1 measures dilution air flow rate in LPM
mass flow meter is not connected correctly

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 9 — APRIL 15, 2007
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 2.58 -4.47 / 27.36 9.7 1972 (23.4%) -2.5 -4.47 / 4.45 1.31 -
hg0 -1.67 -5.58 / 5.09 2.94 0 (0.0%) -1.67 -5.58 / 5.09 2.94 -
hg2 4.25 -6.94 / 23.29 7.13 1998 (23.7%) 0.57 -0.42 / 2.15 0.37 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.36 0.28 / 0.58 0.09 1972 (23.4%) 0.31 0.28 / 0.42 0.02 -
raw hg0 0.32 0.28 / 0.41 0.03 0 (0.0%) 0.32 0.28 / 0.41 0.03 -

mercury measurement signals are stable and consistant
fluctuations and noise in signal due to instability of the samle gas pump

unit 2 boiler offline on 4/17
calibration factors were not updated from 4/12 until 4/17

concentrations are also noisy and can be related to the fluctuations in the sample gas pump
system calibrating every 3 hours from 4/17 to 4/23, calibration responses continue to fluctuate hour-by-hour

small spikes in concentrations in outage caused by slower response time by system returning to sample mode after cal

PSNH MERRIMACK UNIT 2 OUTLET
THERMO MERCURY SYSTEM 92

APRIL 16 — APRIL 22, 2007
WEEK 35: BASELINE / OUTAGE

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 27.16 22.00 / 28.04 2.01 ocoef 1.97 1.79 / 2.00 0.08

tblg 24.67 22.37 / 38.63 5.24 tcoef 0.92 0.79 / 1.60 0.30

PSNH MERRIMACK UNIT 2 OUTLET

E L E M E N T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S

B A C K G R O U N D S C O E F F I C I E N T S

system span response fluctuates greatly between calibrations
problems will be investigated during outage

system span response fluctuates greatly between calibrations
problems will be investigated during outage

calibration factor backgrounds OK elemental calibration coefficient high
total calibration coefficient OK

T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 202.09 196.89 / 208.70 2.10 intt 34.88 33.19 / 36.57 0.84

prbt * 202.09 196.89 / 208.70 2.10 intt * 34.88 33.19 / 36.57 0.84

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 758.96 751.58 / 765.50 2.94 rctt 45.10 44.61 / 45.75 0.14

cnvt * 758.96 751.58 / 765.50 2.94 rctt * 45.10 44.73 / 45.45 0.13

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 140.91 54.87 / 188.75 31.85 lampt 40.31 - -

umbt * 140.91 54.87 / 188.75 31.85 lampt * 40.31 - -

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

umbilical temperature fluctuates but OK
probe controller interface board not current version

does not work correctly in this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature OK analyzer internal temperature OK

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature OK detection chamber temperature stable

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 16 — APRIL 22, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 39.75 1.30 / 49.19 18.46 vntp 4.07 3.65 / 4.70 0.24

dilp * 48.67 48.14 / 49.19 0.14 vntp * 4.07 3.65 / 4.70 0.24

dilp span 37.76 1.47 / 48.96 20.13 vntp zero 17.23 3.69 / 22.18 7.48

vac 21.40 21.05 / 21.73 0.15 vntp span 12.14 11.65 / 12.72 0.26

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 13.22 0.90 / 17.07 5.92 bbkp 41.11 1.44 / 50.65 19.12

edup * 16.11 14.67 / 17.07 0.26 bbkp * 50.35 49.87 / 50.65 0.11

edup cal 0.99 0.86 / 1.06 0.05

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.59 0.56 / 0.63 0.02 pres 65.94 54.33 / 124.09 7.55

orfp * 0.58 0.57 / 0.60 0.01 pres * 65.94 54.33 / 80.15 7.52
orifice pressure OK

source air interrupted on 4/18
orifice pressure changes as unit is offline

mercury chamber pressure at high levels
pressure starting to fluctuate and become unstable
typically indicates a need to rebuild or replace pump

decreasing chamber pressure is unusual

blowback pressure is stable and at acceptable levels
blowbacks on 3-hour cycle

source air interrupted on 4/18
eductor pressure is stable

eductor setpoint may be higher than required
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 OUTLET
APRIL 16 — APRIL 22, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure stable in sample and calibration mode
probe vacuum stable; source air interrupted on 4/18

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure stable
source air interrupted on 4/18
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.23 0.00 / 0.27 0.02 ain1 0.07 0.05 / 0.08 0.01

smplf * 0.23 0.17 / 0.27 0.02 ain1 * 0.07 0.05 / 0.08 0.01

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 690.45 690.05 / 690.79 0.11 ain2 0.03 0.02 / 0.04 0.00

pmtv * 690.42 - - ain2 * 0.03 0.02 / 0.04 0.00

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 145802.21 142538 / 149407 2373.13 ain3 0.03 0.02 / 0.04 0.00

rfint * 145802.21 142538 / 149407 2373.13 ain3 * 0.03 0.02 / 0.04 0.00
changes in mercury lamp intensity are typical analog input 3 is currently not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

PMT voltage stable and OK analog input 2 is currently not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow OK analog input 1 measures dilution air flow rate in LPM
mass flow meter is not connected correctly

PSNH MERRIMACK UNIT 2 OUTLET
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DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
hgt 11 -1.67 / 169 6.59 2387 (23.9%) 12.8 4.26 / 19.5 2.46 -
hg0 3.19 -0.544 / 220 4.78 619 (6.2%) 2.39 -0.544 / 10.5 2.54 -
hg2 7.85 -36.7 / 63.4 5.74 121 (1.2%) 7.6 -1.81 / 24.9 5.2 -

DATA AVERAGE RANGE STDEV OUTLIER AVERAGE* RANGE* STDEV* VALID*
raw hgt 0.478 0.214 / 2.01 0.114 1251 (12.5%) 0.505 0.284 / 0.703 0.0709 -
raw hg0 0.341 0.209 / 9.09 0.149 12 (0.1%) 0.339 0.209 / 0.705 0.117 -

system only in sample mode from 5/31 to 6/5 and from 6/26 to 7/1
blowback / system zero mode for maintenance and non-operation from 6/5 to 6/26

5/28 to 5/31 — blowback / system zero mode for maintenance and non-operation
5/31 to 6/5 — sample mode and calibration checks / troubleshooting

6/5 to 6/26 — blowback / system zero mode for maintenance and non-operation
6/26 to 7/1 — sample mode and calibration checks / maintenance / troubleshooting

PSNH MERRIMACK UNIT 2 OUTLET
THERMO MERCURY SYSTEM 92

MAY 28 — JULY 1, 2007
WEEK 41 — 45: CEMS SERVICE / MAINTENANCE

M E R C U R Y   C O N C E N T R A T I O N S

M E R C U R Y   M E A S U R E M E N T   S I G N A L S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
obkg 14.8 5.74 / 24.9 4.93 ocoef 1.16 0.631 / 1.98 0.384

tblg 17.7 7.33 / 47.9 6.32 tcoef 1.15 0.751 / 1.98 0.221
calibration factor backgrounds high fluctuations

integrity of calibration response in question
calibration factor backgrounds high fluctuations

integrity of calibration response in question

total mercury calibration responses were affected by unit outage and required maintenance

elemental mercury calibration responses were affected by unit outage and required maintenance
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T O T A L   M E R C U R Y   C A L I B R A T I O N   R E S P O N S E S
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
prbt 187 0 / 230 33.9 intt 33.3 22.1 / 40.6 1.15

prbt * 201 195 / 206 1.33 intt * 33.1 31.3 / 35 0.625

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
cnvt 749 0 / 785 50.9 rctt 45.1 22 / 45.6 0.288

cnvt * 758 741 / 772 4.52 rctt * 45.1 44.6 / 45.5 0.13

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
umbt 123 15.2 / 177 38.7 lampt 40.3 - -

umbt * 123 15.2 / 177 38.7 lampt * 40.3 - -

U M B I L I C A L   T E M P E R A T U R E L A M P   T E M P E R A T U R E

converter temperature stable at setpoint
fluctuations due to maintenance

change in signal noise on 6/5 when set to system zero

mercury lamp heater not installed on this system

P R O B E   T E M P E R A T U R E A M B I E N T   T E M P E R A T U R E

probe temperature stable at setpoint
fluctuations due to maintenance

analyzer internal temperature OK
fluctuations caused by maintenance and power source

C O N V E R T E R   T E M P E R A T U R E C H A M B E R   T E M P E R A T U R E

converter temperature stable at setpoint
fluctuations due to maintenance

more fluctuations recorded during system zero

detection chamber temperature OK
fluctuations caused by maintenance and power source

PSNH MERRIMACK UNIT 2 OUTLET
MAY 28 — JULY 1, 2007
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
dilp 54.9 48.6 / 55.6 0.197 vntp 4.72 4.08 / 6.39 0.358

dilp * 54.9 54.7 / 55.2 0.0922 vntp * 4.71 4.08 / 5.74 0.341

dilp span 54.8 54.3 / 55.1 0.158 vntp zero 25.9 3.96 / 35.3 10.3

vac 21.7 21.2 / 22 0.112 vntp span 13.7 3.92 / 23 5.49

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
edup 12.4 8.05 / 17.5 3.3 bbkp 58.9 58.5 / 59.3 0.103

edup * 12.4 8.05 / 17.5 3.3 bbkp * 58.9 58.6 / 59.1 0.101

edup cal 0.998 0.861 / 1.23 0.1

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
orfp 0.554 0.472 / 0.586 0.014 pres 69.9 21.4 / 763 39.3

orfp * 0.554 0.509 / 0.586 0.014 pres * 68 21.4 / 120 23.2
orifice pressure OK when in sample mode

system not in sample mode from 6/1 to 6/28
chamber pressure elevated when in system zero mode

fluctuations due to maintenance

blowback pressure OK in sample mode
system not in sample mode from 6/5 to 6/26eductor pressure OK when in sample mode

decrease in setpoint on 6/30 (troubleshooting)
eductor is turned off during system calibrations

O R I F I C E   P R E S S U R E C H A M B E R   P R E S S U R E

PSNH MERRIMACK UNIT 2 OUTLET
MAY 28 — JULY 1, 2007

E D U C T O R   P R E S S U R E B L O W B A C K   P R E S S U R E

dilution pressure and vacuum OK in sample mode
system not in sample mode from 6/5 to 6/26

D I L U T I O N   A I R   /   V A C C U U M V E N T U R I   P R E S S U R E

venturi pressure OK in sample mode
increase in venturi pressure OK when in system cal mode
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DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
smplf 0.368 0 / 1.87 0.162 ain1 0.373 -0.0159 / 4.7 1.17

smplf * 0.366 0 / 0.854 0.154 ain1 * 0.0405 0.0265 / 0.0636 0.00843

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
pmtv 694 690 / 846 8.07 ain2 0.0194 0.00795 / 0.0504 0.00713

pmtv * 691 - - ain2 * 0.0176 0.0106 / 0.0292 0.00381

DATA AVERAGE RANGE STDEV DATA AVERAGE RANGE STDEV
rfint 132000 9270 / 165000 3070 ain3 0.0225 0.0133 / 0.053 0.00627

rfint * 132000 124000 / 141000 2710 ain3 * 0.0208 0.0133 / 0.0292 0.00272
lamp intensity OK and degradation typical

fluctuations due to power source interruptions
analog input 3 is not in service

L A M P   I N T E N S I T Y A N A L O G   I N P U T   3

P M T   V O L T A G E A N A L O G   I N P U T   2

pmt voltage stable in system zero mode
setpoint change on 6/29

analog input 2 is not in service

S A M P L E   G A S   F L O W A N A L O G   I N P U T   1

sample gas flow not analyzed in system zero mode analog input 1 measures dilution air flow in LPM
only recording proper data from 6/28 to 6/30

PSNH MERRIMACK UNIT 2 OUTLET
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DATA AVG MIN MAX F AVG

HGT 6.73 5.60 18.17 6.69

HGO 2.92 1.40 16.22 2.87

HG2 3.82 0.92 8.47 3.82

OBKG TBKG OCOEF TCOEF DILF

6.88 F 5.28 1.46 0.76 L 30.00

6.70 5.38 1.46 0.80 L 30.00

DAY HGO Z HGO S HGT Z HGT S

2/19 -0.04 13.59 X -0.03 10.94

2/20 0.12 11.21 0.09 11.36

2/21 0.25 11.87 0.20 11.18

2/22 0.09 9.43 X 0.03 11.25

2/23 -0.07 9.52 X -0.08 10.61

2/24 -0.03 10.19 -0.15 10.69

2/25 -0.09 12.36 X -0.09 10.70

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 3% 0% 2% 10% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

1% 1% 2% NO ALL NO ON OFF OFF 745 26484 0.20 177

DOCUMENT REVISION: 0802

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 02/25/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 758.8 751.6 766.3 3.4

OXY -- -- -- --

PRB 212.7 206.9 220.3 2.6

UMB 160.3 H 158.0 170.1 0.8

CMBR 45.19 44.88 46.01 0.16

LAMP 40.31 L 40.31 40.31 0.00

INT 36.76 35.82 38.06 0.49

DATA AVG MIN MAX CAL

DIL 50.64 F 50.21 51.43 50.63

EDU 12.78 F 12.63 12.94 1.24

VNT 3.57 F 3.38 3.69 3.60

ORF -0.54 L -0.55 -0.53 --

BBK 52.95 52.21 53.26 --

CMBR 53.85 53.29 54.48 53.87

VAC 22.19 H 21.91 22.45 --

Calibration span response on the elemental channel very unstable.  Orifice transducer 
in probe is broken.  Average vacuum is high.  Dilution and blowback pressure slightly 
unstable.  Flow rate alarms are not set correctly.  Lamp intensity slightly low.  Total 

coefficient is low while elemental coefficient is high.

SIGN AND DATE

DILUTION (BLUE) AND BLOWBACK (GREEN) - LAST 6 HRS NO ADDITIONAL CHART

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT 6.11 0.10 8.52 6.75

HGO 2.46 0.12 4.27 2.69

HG2 3.65 -0.18 5.76 4.05

OBKG TBKG OCOEF TCOEF DILF

6.70 5.38 1.46 0.80 L 30.00

5.76 5.42 1.20 0.94 30.00

DAY HGO Z HGO S HGT Z HGT S

2/26 0.04 12.82 X -0.07 10.67

2/27 -0.19 9.52 X -0.21 10.34

2/28 0.04 9.06 X 0.12 11.12

2/29 0.28 8.29 X 0.17 11.44

3/1 0.26 8.33 X 0.25 11.44

3/2 0.22 8.43 X 0.20 11.33

3/3 0.20 9.96 X 0.17 10.11

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 3% 0% 2% 10% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

0% 0% 8% NO ALL NO ON OFF OFF 744 25810 0.20 177

COMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 02/25 TO 03/03/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

DOCUMENT REVISION: 0802

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE
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DATA AVG MIN MAX STD

CNV 758.8 728.0 814.6 3.5

OXY -- -- -- --

PRB 212.7 F 206.6 346.5 3.2

UMB 160.4 H 153.6 832.2 8.3

CMBR 45.19 44.76 46.04 0.16

LAMP 40.31 L 40.31 40.31 0.00

INT 36.64 35.31 37.54 0.48

DATA AVG MIN MAX CAL

DIL 50.65 F 41.87 51.67 50.62

EDU 12.77 F 12.63 13.04 1.22

VNT 3.60 F 3.36 3.74 3.60

ORF -0.54 L -0.55 -0.53 --

BBK 52.92 F 47.40 53.26 --

CMBR 53.75 52.99 54.48 53.72

VAC 22.19 H 20.14 22.60 --

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

Unit offline on 3/2.  Elemental span responses are much worse than total span 
responses.  Umbilical temperature massive spikes during the last hour, monitor for 

problems over next week.  Dilution pressure and blowback pressure mildly unstable.  
Orifice pressure transducer is broken, spare should be on site.

SIGN AND DATE

UMBILICAL TEMPERATURE - LAST 60 MIN DILUTION (BLUE) & BLOWBACK (GREEN) - LAST 60 MIN

COMMENTS
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DATA AVG MIN MAX F AVG

HGT 0.12 L -0.07 1.14 0.12

HGO 0.13 -0.08 0.81 0.13

HG2 -0.01 L -0.20 0.38 -0.01

OBKG TBKG OCOEF TCOEF DILF

5.76 5.42 1.20 0.94 30.00

5.76 5.42 1.20 0.94 30.00

DAY HGO Z HGO S HGT Z HGT S

3/3 0.20 9.96 X 0.17 10.11

3/4 0.14 11.59 0.19 10.70

3/5 0.09 12.12 X 0.03 11.00

3/6 0.03 12.71 X 0.09 11.48

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

1% ON 83% 0% 0% 3% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

5% 3% 67% NO ALL NO ON OFF OFF 745 27508 0.20 177

DOCUMENT REVISION: 0802

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/03 TO 03/06/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 759.3 728.0 814.6 3.7

OXY -- -- -- --

PRB 213.0 F 206.9 346.5 3.8

UMB 160.6 H 153.6 832.2 12.2

CMBR 45.19 44.85 46.14 0.16

LAMP 40.31 L 40.31 40.31 0.00

INT 37.05 36.00 37.67 0.35

DATA AVG MIN MAX CAL

DIL 50.62 F 50.38 51.80 50.64

EDU 12.75 F 12.56 12.94 1.11

VNT 3.57 F 3.42 3.70 3.58

ORF -0.54 L -0.55 -0.53 --

BBK 52.93 52.21 53.20 --

CMBR 54.01 53.29 54.48 53.94

VAC 22.16 H 21.92 22.46 --

No mercury concentrations being measured on the probe.  Elemental span response is 
unstable each day.  Umbilical temperature spiked on 3/3.  Dilution pressure is slightly 

unstable.  Orifice transducer is broken, spare should be on site.  On-site activities 
began on 3/6.  

SIGN AND DATE

UMBILICAL TEMPERATURE ON 3/3 DILUTION PRESSURE - LAST 12 HOURS

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT 0.91 -1.11 28.29 -0.34

HGO 0.15 -1.87 27.53 -0.78

HG2 0.67 -1.50 4.67 0.54

OBKG TBKG OCOEF TCOEF DILF

5.13 5.22 1.06 1.03 30.00

11.28 10.72 1.00 1.00 40.06

DAY HGO Z HGO S HGT Z HGT S

3/11 10.22 X 10.33 11.13 X 11.18

3/12 12.07 X 12.13 X 18.28 X 18.13 X

3/13 3.30 X 5.19 X 5.59 X 10.10 X

3/14 -0.74 3.47 X -0.54 11.42 X

3/15 -1.13 X 2.99 X -0.78 11.44

3/16 -1.20 X 3.10 X -0.93 11.73

3/17 -1.34 X 2.06 X -0.77 11.69

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF 98% 58% L 2% 1% 25% 0% 4% 9% 99% F 99% F ON 99% F 99% F

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

52% 50% 9% 4% 82% NO 99% F OFF OFF 747 27987 0.18 177

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/08 TO 03/17/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

[ no system integrity check data recorded ]

COMPENSATIONS
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DATA AVG MIN MAX STD

CNV 754.1 F 0.0 769.2 58.1

OXY -- -- -- --

PRB 216.2 F 0.0 225.5 15.5

UMB 160.0 H 14.2 165.4 4.1

CMBR 45.17 21.89 46.24 0.53

LAMP -- -- -- --

INT 37.28 F 21.01 38.75 1.72

DATA AVG MIN MAX CAL

DIL 50.11 F 1.10 52.38 50.01

EDU 14.19 F 1.03 14.63 1.27

VNT 2.20 F -3.02 7.04 13.19

ORF 0.48 F -0.55 1.32 --

BBK 53.19 51.77 53.67 --

CMBR 64.26 H 47.90 765.77 53.83

VAC 21.44 F 0.52 22.37 --

Elemental span response is still very low and prohits calibration, possible cause is 
contaminated venturi or inertial filter.  No mercury concentrations measured in sample 

mode, possible cause is plugged stinger or stuck actuator.  Pressures and temperatues 
are OK, or considered smaller issues.  Lamp upgrade not installed.

SIGN AND DATE

DILUTION PRESSURE - LAST 24 HOURS DILUTION PRESSURE ON 2/28

COMMENTS

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES
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DATA AVG MIN MAX F AVG

HGT 2.25 -0.62 19.12 1.95

HGO 0.33 -1.36 19.85 -0.04

HG2 1.93 -8.23 13.02 1.93

OBKG TBKG OCOEF TCOEF DILF

11.28 10.72 1.00 1.00 40.06

11.57 11.61 1.20 0.98 40.06

DAY HGO Z HGO S HGT Z HGT S

3/18 -0.94 2.75 X -0.62 12.14 X

3/19 -0.92 2.81 X -0.63 12.13 X

3/20 -1.24 X 2.41 X -0.89 11.55

3/21 -0.07 1.20 X 0.10 6.51 X

3/22 -0.37 10.11 -0.19 10.24

3/23 -0.41 9.35 X 0.16 9.86 X

3/24 0.16 10.77 -0.02 10.66

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF 97% 78% L 0% 2% 7% 3% 2% 13% 97% F 97% F 97% F 97% F 94% F

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

59% 60% 6% 0% 62% NO 97% F OFF OFF 747 26275 0.19 177

[ no system integrity check data recorded ]

COMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/13 TO 03/24/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE
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DATA AVG MIN MAX STD

CNV 758.1 F 0.0 774.4 33.6

OXY -- -- -- --

PRB 217.6 F 60.6 256.7 8.9

UMB 160.2 H 156.7 350.5 1.7

CMBR 45.19 44.85 46.14 0.16

LAMP -- -- -- --

INT 37.54 36.70 38.75 0.35

DATA AVG MIN MAX CAL

DIL 50.77 F 50.35 52.11 50.76

EDU 13.92 F 1.13 14.63 1.25

VNT 2.07 F 1.37 3.82 15.18

ORF 0.53 F 0.36 0.74 --

BBK 53.10 F 44.48 53.60 --

CMBR 53.66 F 52.69 750.50 70.52

VAC 21.66 F 13.56 21.89 --

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

Maintenance has been performed on the inlet system.  The eductor was previously 
installed backwards and was causing no concentrations to be measured in sample 
mode.  Eductor/venturi/filter also replaced to correct oxidation in fast loop.  Lamp 

upgrade not installed.  Dilution and blowback pres unstable.

SIGN AND DATE

TOTAL HG (BLUE) AND ELEM HG (RED) FROM 3/22 TO 3/24 DILUTION (BLUE) & BLOWBACK (GREEN) - LAST 24 HOURS

COMMENTS
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DATA AVG MIN MAX F AVG

HGT 8.34 5.36 10.66 8.35

HGO 2.13 1.28 3.15 2.13

HG2 6.21 3.52 8.21 6.22

OBKG TBKG OCOEF TCOEF DILF

11.57 11.61 1.20 0.98 40.06

12.07 11.43 1.27 0.93 40.06

DAY HGO Z HGO S HGT Z HGT S

3/25 0.06 10.47 -0.11 10.59

3/26 -0.07 10.93 -0.13 10.82

3/27 -0.21 10.78 -0.14 11.11

3/28 -0.08 11.40 -0.03 10.72

3/29 -0.16 10.74 -0.08 11.15

3/30 0.08 11.09 0.23 11.52

3/31 0.17 10.47 0.21 11.81

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 2% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

0% 0% 1% NO 41% NO ON OFF OFF 747 27368 0.19 177

[ no system integrity check data recorded ]

COMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/24 TO 03/31/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

SYS ID # 82
LOCATION: PSNH MERRIMACK INLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE
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DATA AVG MIN MAX STD

CNV 760.3 F 74.0 770.5 8.0

OXY -- -- -- --

PRB 218.9 213.2 248.1 2.3

UMB 160.3 H 155.7 288.8 1.5

CMBR 45.19 44.76 46.11 0.16

LAMP -- -- -- --

INT 37.59 36.70 39.11 0.50

DATA AVG MIN MAX CAL

DIL 50.86 F 50.24 52.18 50.90

EDU 12.36 12.29 12.43 1.26

VNT 3.37 F 2.94 3.82 12.33

ORF 0.56 0.47 0.61 --

BBK 53.42 52.52 53.67 --

CMBR 53.66 F 52.69 54.78 53.47

VAC 21.59 21.41 21.74 --

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

Dilution pressure is unstable, possible that it is on a 1-hour cycle with peaks.  Umbilical 
temperature setpoint is high.  Daily calibration checks are stable and accurate.  Venturi 

pressure slightly fluctuates, increased after calibrations.  System scheduled for 
demobilization soon.

SIGN AND DATE

BLOWBACK PRESSURE - LAST 12 HOURS VENTURI PRESSURE - LAST 12 HOURS

COMMENTS
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DATA AVG MIN MAX F AVG

HGT 4.73 3.76 11.65 4.70

HGO 0.81 0.35 5.48 0.80

HG2 3.91 2.82 8.59 3.91

OBKG TBKG OCOEF TCOEF DILF

6.19 9.20 0.79 1.48 H 40.00

7.22 7.82 0.98 1.08 40.00

DAY HGO Z HGO S HGT Z HGT S

2/19 -0.03 10.91 -0.04 11.46

2/20 -0.01 8.58 X 0.03 13.47 X

2/21 0.07 9.47 X 0.10 14.19 X

2/22 0.07 8.12 X 0.18 12.15 X

2/23 -0.04 10.88 0.02 10.71

2/24 -0.02 12.17 X 0.01 10.44

2/25 -0.10 12.54 X -0.03 10.82

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 3% 0% 2% 11% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

0% 1% 1% NO NO NO ON OFF OFF 635 33546 0.23 177

DOCUMENT REVISION: 0802

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 02/25/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 758.5 749.2 767.9 3.2

OXY  L -- -- --

PRB 221.3 215.3 228.1 1.8

UMB 134.7 F 70.9 167.0 22.4

CMBR 45.10 44.64 45.75 0.14

LAMP 43.76 43.56 44.03 0.05

INT 33.99 32.90 35.16 0.46

DATA AVG MIN MAX CAL

DIL 50.25 F 49.87 50.55 50.33

EDU 14.54 F 14.22 14.84 0.85

VNT 7.95 H 1.25 13.11 8.69

ORF 1.03 H 0.98 1.06 --

BBK 51.86 51.40 52.25 --

CMBR 46.59 F 45.42 47.50 46.69

VAC 21.39 21.24 21.56 --

Old interface board in probe controller causes umbilical temperature signal noise.  
Calibration span responses are very inconsistant on both total and elemental channels.

SIGN AND DATE

UMBILICAL TEMPERATURE - LAST 4 HOURS NO ADDITIONAL CHART

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT 3.51 -0.18 5.14 3.92

HGO 0.80 -0.10 1.90 0.90

HG2 2.70 -0.16 4.23 3.03

OBKG TBKG OCOEF TCOEF DILF

7.22 7.82 0.98 1.08 40.00

7.28 6.80 1.00 0.92 40.00

DAY HGO Z HGO S HGT Z HGT S

2/26 -0.09 12.63 X -0.01 10.56

2/27 -0.16 9.95 X -0.10 11.40

2/28 -0.14 9.05 X -0.04 11.78

2/29 0.08 10.02 0.00 10.65

3/1 0.00 8.73 X 0.02 9.46 X

3/2 -0.07 8.85 X -0.07 10.05

3/3 -0.09 1.18 X -0.13 0.77 X

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 3% 0% 2% 10% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

10% 10% 10% NO NO NO ON OFF OFF 635 32721 0.23 177

DOCUMENT REVISION: 0802

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 02/25 TO 03/03/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 758.5 740.3 768.4 3.3

OXY -- -- -- --

PRB 221.3 215.8 267.8 2.0

UMB 133.9 F 57.8 450.5 23.3

CMBR 45.10 44.64 45.71 0.15

LAMP 43.75 43.55 44.00 0.05

INT 33.91 32.57 34.84 0.41

DATA AVG MIN MAX CAL

DIL 50.25 F 42.21 50.69 50.34

EDU 14.54 F 14.16 14.87 0.83

VNT 12.25 H 9.27 14.73 12.77

ORF 1.04 H 0.99 1.08 --

BBK 51.85 F 42.71 52.21 --

CMBR 46.66 F 45.42 47.79 46.86

VAC 21.41 20.95 21.66 --

Unit offline on 3/2. Elemental span responses are much worse than total span 
responses. Last calibration check on 3/3 did not function, recommend repeat calibration 

check.  Dilution pressure briefly interrupted on 2/28.

SIGN AND DATE

UMBILICAL TEMPERATURE - LAST 4 HOURS DILUTION PRESSURE ON 2/28

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT -0.14 L -0.29 1.00 -0.15

HGO -0.09 -0.22 1.83 -0.09

HG2 -0.06 L -0.84 0.05 -0.06

OBKG TBKG OCOEF TCOEF DILF

7.28 6.80 1.00 0.92 40.00

7.28 6.80 1.00 0.92 40.00

DAY HGO Z HGO S HGT Z HGT S

3/3 -0.09 1.18 X -0.13 0.77 X

3/4 -0.07 13.28 X -0.10 10.78

3/5 -0.17 14.00 X -0.22 12.10 X

3/6 -0.18 14.35 X -0.22 12.61 X

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

1% ON 83% 0% 0% 3% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

93% 90% 94% NO NO NO ON OFF OFF 636 33963 0.23 177

DOCUMENT REVISION: 0802

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/03 TO 03/06/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 758.8 740.3 768.4 3.5

OXY -- -- -- --

PRB 221.3 215.8 267.8 2.0

UMB 127.8 F 54.9 450.5 32.0

CMBR 45.10 44.58 45.68 0.14

LAMP 43.77 43.55 44.00 0.06

INT 34.22 33.09 35.11 0.34

DATA AVG MIN MAX CAL

DIL 50.22 F 49.97 50.52 50.31

EDU 14.52 F 14.26 14.77 0.86

VNT 12.25 H 11.23 13.61 12.58

ORF 1.01 H 0.98 1.04 --

BBK 51.86 51.53 52.18 --

CMBR 46.76 45.72 47.50 46.90

VAC 21.41 21.29 21.60 --

No mercury concentrations being measured on the probe.  Umbilical temperature is 
unstable with old probe controller board.  Chamber pressure steady increase.  Venturi 

pressure is very high.  On-site activities began on 3/6. 

SIGN AND DATE

UMBILICAL TEMPERATURE - LAST 4 HOURS DILUTION PRESSURE - LAST 12 HOURS

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

-200
0

200
400
600
800

1000

3/2 3/3 3/4 3/5 3/6 3/7

0
10
20
30
40
50
60

3/2 3/3 3/4 3/5 3/6 3/7

0.22

0.23

0.24

0.25

0 2 4 6 8 10 12 14 16 18 20
45
46
47
48
49
50

9:00 15:00 21:00 3:00 9:00 15:00

0

50

100

150

200

07:12 08:24 09:36 10:48 12:00 13:12
50.1
50.1
50.2
50.2
50.3
50.3
50.4
50.4

21:00 3:00 9:00 15:00



DATA AVG MIN MAX F AVG

HGT -0.14 L -0.29 1.00 -0.15

HGO -0.09 -0.22 1.83 -0.09

HG2 -0.06 L -0.84 0.05 -0.06

OBKG TBKG OCOEF TCOEF DILF

7.28 6.80 1.00 0.92 40.00

7.28 6.80 1.00 0.92 40.00

DAY HGO Z HGO S HGT Z HGT S

3/3 -0.09 1.18 X -0.13 0.77 X

3/4 -0.07 13.28 X -0.10 10.78

3/5 -0.17 14.00 X -0.22 12.10 X

3/6 -0.18 14.35 X -0.22 12.61 X

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

1% ON 83% 0% 0% 3% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

93% 90% 94% NO NO NO ON OFF OFF 636 33963 0.23 177

DOCUMENT REVISION: 0802

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATACOMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/03 TO 03/06/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY
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DATA AVG MIN MAX STD

CNV 758.8 740.3 768.4 3.5

OXY -- -- -- --

PRB 221.3 215.8 267.8 2.0

UMB 127.8 F 54.9 450.5 32.0

CMBR 45.10 44.58 45.68 0.14

LAMP 43.77 43.55 44.00 0.06

INT 34.22 33.09 35.11 0.34

DATA AVG MIN MAX CAL

DIL 50.22 F 49.97 50.52 50.31

EDU 14.52 F 14.26 14.77 0.86

VNT 12.25 H 11.23 13.61 12.58

ORF 1.01 H 0.98 1.04 --

BBK 51.86 51.53 52.18 --

CMBR 46.76 45.72 47.50 46.90

VAC 21.41 21.29 21.60 --

No mercury concentrations being measured on the probe.  Umbilical temperature is 
unstable with old probe controller board.  Chamber pressure steady increase.  Venturi 

pressure is very high.  On-site activities began on 3/6. 

SIGN AND DATE

UMBILICAL TEMPERATURE - LAST 4 HOURS DILUTION PRESSURE - LAST 12 HOURS

COMMENTS

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT 1.87 0.57 12.59 1.72

HGO 0.30 -0.10 9.90 0.09

HG2 1.56 -0.55 6.06 1.52

OBKG TBKG OCOEF TCOEF DILF

7.28 6.80 1.00 0.92 40.00

5.52 5.53 1.45 0.98 22.05

DAY HGO Z HGO S HGT Z HGT S

3/11 -0.29 -0.34 -0.38 -0.38

3/12 0.79 0.81 3.45 X 3.51 X

3/13 -0.14 4.24 X -0.18 5.02 X

3/14 -0.18 4.19 X -0.24 4.92 X

3/15 -0.22 4.12 X -0.32 4.81 X

3/16 -0.28 4.35 X -0.38 4.90 X

3/17 -0.29 4.31 X -0.39 4.84 X

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

9% ON 62% L 5% 0% 5% 0% 18% 9% 99% F 99% F ON 99% F 99% F

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

13% 24% 21% 3% 7% NO 87% F OFF OFF 634 33494 0.23 177

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/10 TO 03/17/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

[ no system integrity check data recorded ]

COMPENSATIONS
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DATA AVG MIN MAX STD

CNV 749.9 F 20.5 766.6 72.2

OXY -- -- -- --

PRB 218.9 F 17.6 228.9 19.6

UMB 157.9 H 15.0 187.2 9.3

CMBR 45.10 34.56 45.71 0.25

LAMP 43.74 42.62 47.79 0.09

INT 33.57 26.56 36.03 0.56

DATA AVG MIN MAX CAL

DIL 49.74 F 42.07 59.64 50.18

EDU 10.92 F -10.84 15.28 -2.73

VNT 11.14 H 9.93 14.82 13.99

ORF 1.11 H 0.99 1.36 --

BBK 52.09 F 7.85 52.55 --

CMBR 61.42 H 42.75 762.93 70.96

VAC 23.28 H 14.71 33.75 --

Mercury concentrations are lower than expected, this is related to the low calibration 
response.  When the system can be recalibrated (currently have connection errors), the 
measured concentration should increase 2.5 times its current value (~ 4.7 hgt, 3.9 hg0). 

Dilution pres is unstable, check air supply.

SIGN AND DATE

DILUTION PRESSURE - LAST 24 HOURS DIL PRES (BLUE) AND EDU PRES FROM 3/11 TO 3/13

COMMENTS

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES
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DATA AVG MIN MAX F AVG

HGT 2.97 -0.08 5.25 2.97

HGO 0.34 -0.34 1.91 0.34

HG2 2.63 -0.08 4.58 2.63

OBKG TBKG OCOEF TCOEF DILF

5.52 5.53 1.45 0.98 22.05

13.56 10.94 1.53 H 0.79 L 60.00

DAY HGO Z HGO S HGT Z HGT S

3/18 -0.30 4.44 X -0.34 4.89 X

3/19 -0.30 4.24 X -0.39 4.69 X

3/20 -0.42 4.19 X -0.51 4.68 X

3/21 0.03 4.49 X -0.07 5.12 X

3/22 0.01 11.43 -0.16 10.98

3/23 0.11 12.39 X -0.13 11.02

3/24 0.05 12.34 X -0.13 11.24

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 84% 0% 0% 3% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

1% 29% 2% NO NO NO ON OFF OFF 634 31191 0.23 177

[ no system integrity check data recorded ]

COMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/17 TO 03/24/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE
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DATA AVG MIN MAX STD

CNV 758.4 683.1 763.1 2.7

OXY -- -- -- --

PRB 222.0 F 143.6 233.9 5.8

UMB 159.6 H 0.0 184.0 5.5

CMBR 45.10 44.58 45.71 0.15

LAMP 43.72 43.53 44.01 0.05

INT 33.25 32.18 34.29 0.37

DATA AVG MIN MAX CAL

DIL 49.53 F 42.65 50.69 49.53

EDU 14.93 F 0.90 15.24 0.83

VNT 11.18 H 10.11 13.32 13.09

ORF 1.11 H 1.06 1.25 --

BBK 52.24 F 49.09 52.55 --

CMBR 43.71 F 42.75 49.28 43.72

VAC 22.76 H 22.61 22.97 --

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

Calibration factors very large change.  Modifications made to the diluted sample line.  
Probe temperature became slightly more unstable after 3/21.  Dilution pressure is 
unstable.  Vacuum and venturi pressures are high.  Elemental span response is 

fluctuating, recommend recalibration.

SIGN AND DATE

DILUTION PRESSURE - LAST 24 HOURS PROBE TEMPERATURE ON 3/21
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DATA AVG MIN MAX F AVG

HGT 3.48 1.58 5.46 3.48

HGO 0.65 0.25 1.14 0.65

HG2 2.82 1.11 4.85 2.82

OBKG TBKG OCOEF TCOEF DILF

13.56 10.94 1.53 H 0.79 L 60.00

11.57 10.38 1.31 0.89 60.00

DAY HGO Z HGO S HGT Z HGT S

3/25 -0.03 11.07 -0.05 10.89

3/26 -0.09 10.76 -0.09 10.71

3/27 -0.06 11.55 -0.01 11.16

3/28 -0.13 10.51 -0.12 10.62

3/29 -0.18 11.10 -0.12 10.82

3/30 0.05 10.94 -0.06 11.07

3/31 -0.04 11.33 0.02 11.05

CONC HGT HGO HG2 OX %

BASE -- -- -- --

OX -- -- -- --

REC -- -- -- --

CALC BASE OX EFF % SPN

HGT -- -- -- --

SPAN -- -- -- --

SERV AUTO SMPL A CAL O CAL S CAL OXY BBK REC * PRB CNV UMB STNG EDU

OFF ON 85% 0% 0% 2% 0% 2% 12% ON ON ON ON ON

HGT HGO HG2 PRES FLOW LAMP LAMP TEMP PRES PMT L INT FLOW FSAFE

1% 1% 2% NO NO NO ON OFF OFF 634 31643 0.23 177

[ no system integrity check data recorded ]

COMPENSATIONS

ADA-ES MERCURY CEMS WEEKLY SUMMARY
DATE: 03/24 TO 03/31/2008

START / END CALIBRATON FACTORS

SYS INTEGRITY CALCULATIONS

MERCURY CONCENTRATIONS

——  TOTAL HG                    ——  ELEMENTAL HG                    ——  OXIDIZED HG

——  ELEM ONLY                    ——  OXIDIZED ADD                    ——  RECOVERY

——  TOTAL HG                    ——  ELEMENTAL HG

LAST RECORD OF WEEKLY SYSTEM INTEGRITY TEST -- OXIDIZED MERCURY SOURCE

DOCUMENT REVISION: 0802

GAS MODE BREAKDOWN COMPONENT POWER

CONFIGURED ALARMS OTHER DATA

SYS ID # 92
LOCATION: PSNH MERRIMACK OUTLET

DAILY SCHEDULED SYSTEM CALIBRATION CHECKS -- ELEMENTAL MERCURY SOURCE

0.0
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2.0
3.0
4.0
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DATA AVG MIN MAX STD

CNV 758.9 729.5 766.0 2.7

OXY -- -- -- --

PRB 224.0 F 215.3 232.9 3.5

UMB 159.5 H 39.4 177.2 4.5

CMBR 45.10 44.64 45.71 0.15

LAMP 43.74 43.51 44.00 0.05

INT 33.50 32.18 35.13 0.55

DATA AVG MIN MAX CAL

DIL 49.50 F 40.88 50.69 49.05

EDU 15.07 F 14.33 15.34 0.83

VNT 10.82 H 10.02 12.14 12.93

ORF 1.07 H 1.04 1.15 --

BBK 52.28 F 47.94 52.62 --

CMBR 44.13 43.34 45.12 44.23

VAC 22.71 H 22.58 22.81 --

CHAMBER PRESSURE ANALYSIS - LAST 24 HOURSFLOW RATE ANALYSIS - LAST 20 MINUTES

SYSTEM PRESSURES

——  DILUTION PRES            ——  EDUCTOR PRES            ——  BLOWBACK PRES

SYSTEM TEMPERATURES

——  CONV TEMP        ——  PROBE TEMP        ——  UMB TEMP        —— OXY TEMP

Concentrations changed on 3/28.  Elemental coefficient is high and total coefficient is 
low (split).  Elemental span responses slightly noisy through the week.  Dilution 

pressure is very unstable.  Umbilical temperature setpoint is high.  Venturi pressure is 
high.  System scheduled for demobilization soon.

SIGN AND DATE

DILUTION PRESSURE - LAST 12 HOURS HG TOTAL (BLUE) AND HG ELEM (RED) ON 3/28
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APPENDIX F:  Breen AbSensor Equipment Description 
 
 



Breen AbSensor – SO3 Sulfuric Acid Dewpoint Measurement Device 
Breen Energy Solutions AbSensor – an SO3 dewpoint measurement system which 

operates on the principle of controlling a boundary level temperature between the flue gas and 
the tip of the probe sensor.  The probe module operates on the principle of a Breen patented 
technology which closely controls the cooling of condensate on the probe tip.  Detection is 
accomplished by cooling an initially hot detector surface with a tightly controlled amount of 
cooling air.  Since the amount of cooling air is closely controlled and monitored, it is possible to 
allow continual feedback and monitoring of the formation of liquids at the probe tip.  
Furthermore, the presence of a condensed liquid is determined by changes in the resistance 
between the probe electrodes.  When current is sensed through the probe tip, the formation (or 
kinetic dew-point) has been achieved.   

Once condensate has been detected, the cooling air is removed and the probe returns to 
the temperature of the surrounding flue gas.  As the probe begins to heat again, the amount of 
current is reported back to the control unit.  When the evaporation temperature of the liquid on 
the probe tip is reached, which is achieved when there is a rapid increase in the current on the 
probe surface, a cycle of the process is completed. 

This relationship is used to determine the vapor dewpoint.  This information is combined 
and compared to information with gas moisture levels using mathematical analysis to provide 
real time feedback.  The detection process consists programmable logic control module which 
controls all functions of the induct probe as well as perform the required mathematical 
computations.1 

  

                                                           
1 Commentary courtesy of: http://www.breenes.com/so3.htm   
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APPENDIX G:  Sorbent Screening Device 
 
 



Sorbent Screening Device 
The sorbent screening device (SSD) is an extractive system designed to predict mercury 

removal performance in a full-scale ESP.  A picture showing major components and CEM 
requirements is shown in Figure 1, and Figure 2 shows the internal components of probe box.  
The test apparatus consists mainly of the Thermo CEM probe box and a modified sampling train 
that includes an in-line test bed.  The modified sample train contains a test bed, an inertial filter, 
dilution module and an orifice. The modified sample train is then returned to the normal Thermo 
CEM sample train for continuous on-line analysis and data capture.  

The test beds consist of sand mixed with sorbent and ash in amounts representative of the 
ESP inlet particulate loading at the host site.  The inertial separation probe separates the native 
fly ash from the sampled flue gas stream prior to the test beds.  The on-line nature of the Thermo 
CEM located downstream of the test bed is used to monitor mercury levels not trapped by the 
test beds.  Once the test trains are installed and leak checked, the assembly is heated (the inertial 
filter is maintained at 400°F and the tests beds are maintained at the flue gas temperature at the 
test location) and flue gas is drawn through the assembly for a test period that typically lasts two 
hours for ESP studies or until break through of the test bed.  Upon subsequent analyses, the 
mercury collected in the test beds can be used to determine the mercury removal efficiency of the 
sorbent and a mass balance determined to ensure test accuracy.  

A further modification to analyze for temperature effects can be approximated by 
dropping the test bed temperature to simulate a lower flue gas temperature and its effects on 
sorbent performance.   

 
Figure 1: SSD Components Requirements 

 

Thermocouple 

Filter Critical Orifice Thermocouple Dilution Module 

Dairy Fitting 
and Clamp 



 
Figure 2: Sketch of Modified Thermo CEM Probe with Test Bed Train 

 

Sorbent Screening Tests 
Sorbent screening tests were conducted on five sorbents at baseline conditions and during co-

benefit tests to determine if lowering SO3 levels through SO3 sorbent injection and lowering flue gas 
temperatures enhances activated carbon performance.  This extractive sorbent screening tool was 
developed by ADA-ES to quickly evaluate whether a sorbent will effectively remove mercury in the 
flue gas conditions at the plant.  Four of the five sorbents were selected based on previous testing at 
another DOE test site with a high SO3 flue gas stream.  The fifth sorbent was NORIT DARCO® Hg, 
a non-brominated sorbent widely used as a benchmark sorbent. 

The preliminary analysis showed that all sorbents were better at removing mercury when 
either MgO or Trona was injected for SO3 control. 

PSNH Round 1 SSD Testing: Test Matrix 
Sorbent Coil ? Inlet 

Temperature 
Bed 
Temperature 

Darco Hg NO 325 325 
Darco Hg-LH NO 325 325 
Darco Hg-LH NO 325 325 
Darco E25c NO 325 325 
Darco E12 NO 325 325 
FGS-1 NO 325 325 
Darco Hg-LH Yes 270 325 
Darco Hg-LH Yes 270 275 
All sorbents loaded at 0.5 mg/ 5 g sand 
 



 
 
In this comparison with lowered CEA temperature, DARCO Hg- and DARCO Hg-LH appeared 
to perform similarly. FGS-1 did not appear to work as well. 

Sorbent Screening
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1.0 Introduction 
1.1  Background 
U.S. EPA has recently put in place limits on mercury emissions from U.S. coal-fired 
utilities, the largest remaining point-source category of emissions not currently regulated, 
with the Clean Air Mercury Rule of CAMR. The recent Clean Air Interstate Rule or 
CAIR specifies reductions in NOx and SO2 emissions, which are projected to result in a 
40% reduction in mercury emissions in the utility sector by 2010, the start of Phase I of 
the CAMR.  This mercury reduction is assumed to result from existing technologies, 
primarily as a co-benefit of reducing other pollutants such as NOx, and SO2, in 28 eastern 
states and the District of Columbia.  Mercury-specific technology will be required in the 
U.S. to achieve 70% reductions in mercury emissions mandated by 2018 under the Clean 
Air Mercury Rule.   

States are allowed flexibility in achieving the mercury reductions required under CAMR, 
including optional participation in the national mercury allowance-trading program.  Any 
state that does not participate in the national program must establish regulations that set 
emission limitations and compliance schedules to meet their mercury budget.   A bill has 
been enacted by the New Hampshire legislature that will require an 80% reduction in 
mercury emissions from the coal-fired power plants in New Hampshire by 2013.   

In the last several years, demonstrations of a number of different mercury control 
technologies have been carried out in the US on commercial coal-fired power plants in 
anticipation of the control of mercury emissions from electricity generating plants, as 
promulgated by CAMR.   Activated carbon injection is one technology that is considered 
close to commercial application.  Other mercury control technologies are in various 
stages of development, from pilot-scale to long-term, full-scale demonstration.  

ADA-ES, Inc., (ADA-ES) and Public Service of New Hampshire (PSNH) are working 
together under on a Cooperative Agreement (Number DE-FC26-06NT42780) with the 
Department of Energy to fully evaluate sorbent injection for mercury control at 
Merrimack Station Unit 2 (MK2).   A goal of this project is to use sorbent injection to 
economically and effectively achieve mercury control of at least 70–90% beyond 
baseline capture for a period of six months.  To achieve project objectives, a series of 
screening, baseline, and parametric tests were conducted to assess the potential for 
reducing mercury emissions.  Based on the parametric testing of activated carbon 
injection, the project team will identify the mercury control scheme that satisfies the 
project objectives.  If DOE/NETL approves this approach, a six-month long-term test is 
planned to establish steady state operation and assess any maintenance and operational 
problems that may develop. 

1.2 Objectives 
The objective of this study by Reaction Engineering International (REI) is to provide 
ADA ES with support for the DOE-funded sorbent injection program.  In this report, the 
results and conclusions from the modeling study of the parametric testing are presented, 
together with recommendations for the six-month testing.  
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2.0 Methodology 
2.1  CFD Model 
The CFD model, ADAPT, developed by REI, employs a combination of Eulerian and 
Lagrangian reference frames.  The flow field is assumed to be a steady-state, turbulent, 
reacting continuum field that can be described locally by general conservation equations. 
The governing equations for gas-phase fluid mechanics, heat transfer, thermal radiation 
and scalar transport are solved in an Eulerian framework. The governing equations for 
particle-phase mechanics are solved in a Lagrangian reference frame. The overall 
solution scheme is based on a particle-in-cell approach. 

The flow solver in ADAPT is an adaptive grid algorithm that uses an orthogonal grid 
with local-mesh refinement. A structured-base grid is input, and grid refinements are 
performed within ADAPT. Cells that are tagged for refinement are divided into eight 
smaller cells. Cells are tagged for refinement either manually via user input, when needed 
to resolve geometry, or automatically within the code, based on gradients in field 
variables in the solution. 

 The flow model of the ADAPT code uses a SIMPLEM algorithm.1 This algorithm is 
similar to SIMPLER,2 except that the mass-satisfying flow field defined on the cell faces 
is calculated from the pressure equation directly in lieu of a pressure-correction equation.  
The momentum equations are solved in a collocated manner so that the velocity field is 
stored at the cell centers. Velocities from the discretized equations, without the pressure 
gradient source term, are interpolated to the cell faces via a momentum interpolation. The 
pressure field, which is also stored at cell centers, is solved from the continuity equation 
discretized over the cells. The resulting pressure gradient sources are then added to the 
interpolated face velocities, resulting in a flow field at the faces that satisfies mass 
conservation. The discretized partial differential equations are solved using an algebraic 
multi-grid strategy.  

Gas properties are determined through local mixing calculations and are assumed to 
fluctuate randomly to characterize the effects of turbulence. Turbulence is modeled with 
a two-equation k-� model.  

Sorbent particle mechanics are computed by following the mean path for a discretized 
group of particles, or particle cloud, in a Lagrangian reference frame. The dispersion of 
the particle cloud is based on statistics gathered from the turbulent flow field. Heat, mass 
and momentum transfer effects are included for each particle cloud. The properties of the 
particle cloud are computed from a statistical average over the particles within the cloud. 
The properties of the local gas field are computed with an analogous ensemble averaging 
procedure. Particle mass and momentum sources are converted from a Lagrangian to an 
Eulerian reference frame by considering the residence time of each particle cloud within 
the computational cells.  

2.2 Mercury Adsorption Model 
The gas concentration of Hg0 and HgCl2 is modeled by solving Eulerian conservation 
equations with sink terms calculated from the Lagrangian sorbent particle model.  
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Sorbent particles are assumed to be spherical particles.  Mass transfer is expressed by the 
Sherwood number: 

   Sh = kgd/D 

where kg is the gas-phase mass transfer rate, d is the particle diameter and D is the gas-
phase diffusivity of mercury. The Sherwood number is related to the Reynolds and 
Schmidt numbers by: 

    Sh = 2 + 0.6*Re
1/2

*Sc1/3. 

 Both Hg0 and HgCl2 are assumed to be present in the flue gas.  Each species is treated 
separately in terms of gas-phase diffusivity and adsorption on the activated carbon. 

As yet there are no data on the intrinsic adsorption of mercury species on the surface of 
activated carbon.  The porous nature of activated carbon complicates matters.  Adsorption 
isotherms have been measured in fixed-bed situations, but in such situations intrinsic 
reaction of mercury species with the surface is lumped with pore diffusion.  In this work, 
a “lumped” adsorption model is used because it can be validated against available data.   

The Freundlich isotherm was chosen to model mercury adsorption because it allows for 
heat of adsorption decreasing exponentially with surface coverage, unlike the Langmuir 
isotherm, which assumes a constant heat of adsorption constant.  The Freundlich isotherm 
was also used by Meserole et al.3 in the creation of a simplified entrained-flow mercury 
adsorption model.  

The Freundlich isotherm specifies the relationship between the concentration of Hg that 
is in sorbent (W*) in equilibrium with surface gas-phase Hg concentration (C*) as 
follows: 

          W* = [1/K][C*]1/n 

where K and n are parameters that are derived from fixed-bed adsorption isotherms as 
described below. 

The activated carbon particles are tracked in the CFD code and treated as a sink for 
gaseous mercury.  The flux to an individual activated carbon particle is computed by 
solving equations for mass transfer and material balance, which depend on the particle 
diameter, the local mercury species concentration (Hg0 or HgCl2) in the gas and the 
adsorption isotherm parameters.  At each node of the CFD calculation, the concentrations 
of mercury species in the gas and the mercury content of the sorbent particles are 
calculated.  The molecular diffusivity of mercury in the gas at 150oC was assumed to be 
2.55x10-5 m2/s and 1.63x10-5 m2/s for Hg and HgCl2, respectively.  Diffusivity was 
assumed to be proportional to T3/2, where T is gas temperature. 
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3.0  Model Set-up and Inputs 
3.1  Merrimack Unit 2 Description 
Table 1 provides a general description of the configuration and operating conditions at 
MK2.  MK2 fires a low-sulfur blend of medium-sulfur eastern bituminous and 
Venezuelan coals for SO2 control, which typically has 1.2% sulfur (see Table 2 for coal 
information used in the simulation).  As shown in Figure 1, the unit has an SCR for NOx 
control and two cold-side ESPs in series for particulate control.  The first ESP is referred 
to as the “Old” ESP and the second as the “Supplemental” ESP.  Because of the SCR 
catalyst, the SO3 concentration in the flue gas downstream of the tubular air preheater is 
15-20 ppm (as measured in the DOE program).  The gas temperature downstream of the 
air preheater is about 330oF.   
Table 1.  Merrimack Unit 2 Description. 

Size (MW) 335 

Coal Blend of eastern bituminous and Venezuelan 
(1.2% sulfur mix) 

Particulate Control Two (2) ESPs in series 

SCA (ft2/kacfm) SCA = 350 (120 followed by 230) 

NOX Control SCR 

Sulfur Control Coal blend 

Ash Reuse Furnace Reinjection or off-site beneficial reuse 

Typical Inlet Mercury (�g/dNm3) 7–10 

Typical Native Mercury Removal (%) 0–10 

 
Table 2.  Coal properties used in simulation. 

 Mid-Sulfur Coal Low-Sulfur Coal 50-50 Blend 
Carbon, wt% dry 78.0 80.5 79.3 
Hydrogen, wt% dry 5.0 5.0 5.0 
Oxygen, wt% dry 5.8 5.8 5.8 
Nitrogen, wt% dry 1.6 1.3 1.4 
Sulfur, wt% dry 2.0 0.7 1.4 
Moisture, wt% AR 6.3 6.9 6.6 
Ash, wt% AR 7.1 6.2 6.6 
HHV, Btu/lb AR 13,048 13,307 13,178 
Hg, ug/g dry 0.15 0.05 0.094 
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Figure 1.  MK2 schematic, showing sorbent injection and mercury measurement locations. 

 
Table 3 details the flue gas properties used in the model.  Flue gas compositions and flow 
rate were computed from the coal analysis and the reported excess O2 at the air preheater 
outlet.  Mercury was assumed to be 85% HgCl2 and 15% Hg0, based on observations 
made during the DOE program. 

 
Table 3.  Combustion and flue gas properties. 

Boiler Heat Input, MMBtu/hr 3,228 
Coal Flow, klb/hr 245 
Combustion Air Flow, klb/hr 3,182 
Overall Furnace Stoichiometric Ratio 1.30 
Excess O2 in Flue Gas (vol.% dry) 4.9 
Total Flue Gas Flow, klb/hr 3,411 
Flue Gas Composition (vol.% wet):  
  O2 4.55% 
  N2 75.00% 
  CO2 13.14% 
  H2O 7.23% 
SO2 (ppmv) 1,040 
HCl (ppmv) 55 
Hg0 (mass fraction) 9.457x10-10 
HgCl2 (mass fraction) 7.254x10-9 
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3.2  Mercury Adsorption Capacity 
Measured fixed-bed equilibrium capacity data were fit to an equation of this form: 

Capacity = SA·k1·[HCl]e(A/T)/{1+k2·[SO3]e(B/T)} 

Where capacity is in �g/g (assumed at Hg = 50 �g/dscm), SA is the surface area of the 
carbon in m2/g, [HCl] and [SO3] are the concentrations of HCl and SO3, respectively, in 
ppm, T is temperature in degrees Kelvin.  The fixed-bed data for Darco Hg sorbent in 
Table 1 were used to develop the coefficients described below.  
Table 4.  Fixed-bed capacity data. 

  T, oF 
HCl, 
ppmv 

SO3, 
ppmv 

SO2, 
ppmv 

Capacity, 
�g/g  

Pleasant Prairie, with SO3 FGC 250 0.7 15 425 883 
Pleasant Prairie, with SO3 FGC 300 0.7 15 425 425 
Pleasant Prairie, no SO3 FGC 250 0.7 0.1 425 8823 
Pleasant Prairie, no SO3 FGC 300 0.7 0.1 425 3355 
Conesville 325 18 30 2400 219 
Conesville, low SO3 325 18 5 2400 625 
Abbott 325 151 28 2800 480 
Abbott 375 151 28 2800 146 
Brayton Point, with SO3 FGC 275 105 20 450 1380 
Brayton Point, no SO3 FGC 275 105 5 450 4314 

The coefficients of the fit were  

k1 = 6.714 x10-6 

A = 5886.338 

k2 = 9.031 x 10-3 

B = 1682.042 

The surface area was assumed to be 660 m2/g.  Figure 1 shows the observed and 
predicted capacities, with r2 = 0.93.  This equation was used to estimate capacities for 
Merrimack (Table 5).  Note that Darco Hg and Darco Hg-LH sorbents performed 
similarly at Merrimack, so the Darco Hg equation was used to calculate all capacities.   
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Table 5.  Predicted capacities for Merrimack model. 

T, oF 
HCl, 
ppmv 

SO3, 
ppmv 

SO2, 
ppmv 

Capacity, 
�g/g  

330 55 20 1040 430 
330 55 8 1040 722 
300 55 8 1040 1249 

These equilibrium capacities are related to the Freundlich parameters, giving values for 
the parameter K.  In this simulation, Hg0 and HgCl2 were assumed to have the same 
capacity.  The parameter n was set to 1 for most of the simulations, with the exception of 
one case, as described below.  

3.3  Activated Carbon Injection System 
In the CFD simulations, several different configurations of injection lances were 
evaluated.  Activated carbon was injected between the Old ESP and the Supplemental 
ESP using four existing ports in the top of the outlet plenum of the Old ESP.  In each 
port, there were two pipes that extended down, with three holes in each pipe.  The sizes 
and locations of the holes varied from case to case (as discussed below).  Figure 3 
illustrates how the injectors were deployed with respect to the flue gas flow. 

Each port had two multi-port lances made of 1 1/4 “ Schedule 40 pipe, one injecting in 
the upper portion in the duct and one in the lower portion.  The lances had nine injection 
nozzles every 15 inches, with the lowest nozzle being 32.5 inches above the bottom of 
the duct.  Thus, there were 18 nozzles located at each port location.  The diameter of 
individual nozzles was 0.3”.   
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Figure 2.  Observed and predicted equilibrium capacity. 
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Table 6.  Carbon injection rates for modeling cases. 

Case Tempe-
rature, 

oF 

Sorbent 
Capacity, 
�g/g at 50 

�g/m3 

Carbon 
Loading, 
lb/MMacf 

Total 
Carrier 

Air, 
lb/hr 

Total 
Carbon 
Flow, 
lb/hr 

Comments 

Case 1A 330 430 3 300 199  
Case 1B 330 430 5 300 332  
Case 2A 330 722 3 300 199  
Case 2B 330 722 5 300 332  
Case 3A 300 1249 3 300 193  
Case 3B 300 1249 5 300 332  
Case 4 300 1249 5 300 321 n=0.5 
Case 5A 300 1249 3 300 193 Higher flow rates to 32,33 
Case 5B 300 1249 5 300 332 Higher flow rates to 32,33 

 

 

 

Port 24Port 33

Flue Gas Flow

Port 32Port 31Port 30

18 elevations

32.5”

15”

Port 24Port 33

Flue Gas Flow

Port 32Port 31Port 30

18 elevations

32.5”

15”

Figure 3.   Location of injectors and individual nozzles. 
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The total carbon and carrier air flow rates in Table 6 were not divided equally among all 
the ports.  For Cases 1 through 4, the carbon and air distribution was as follows: 

� Port 24 – 10% 
� Port 33 – 20% 
� Port 32 – 20% 
� Port 31 – 25% 
� Port 30 – 25% 

For Case 5, the higher carbon flow rates were assigned to Ports 33 and 32 as follows: 

� Port 24 – 10% 
� Port 33 – 25% 
� Port 32 – 25% 
� Port 31 – 20% 
� Port 30 – 20% 

The size distribution of the activated carbon is given in Table 7.    The sorbent has been 
partitioned into a series of bins.  The mean diameter and mass fraction in each bin are 
shown in the table. 

Table 7.  Sorbent size distribution. 

 
 
 
 
 
 
 
 
3.4  Computational Grid 
Figure 4 shows the computational grid used for the CFD modeling, which begins at the 
outlet of the Old ESP and extends to the inlet (perforated plate) of the Supplemental ESP.  
The transitional duct between the two ESPs has a series of turning vanes, as shown in the 
figure.  There are also vanes in the inlet and outlet plenums shown. 

Size 
Bin 

Diameter, 
micron 

Mass 
Fraction 

1 2.0 0.050 
2 2.9 0.050 
3 5.0 0.088 
4 10.0 0.138 
5 18.6 0.177 
6 44.0 0.374 
7 55.5 0.079 
8 60.9 0.020 
9 74.0 0.023 



 Page 10 

 

 

 

 

Figure 4.  Computational grid for CFD model. 
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4.0  Results and Discussion 
Examination of the CEM data from the parametric testing suggested that not all the 
mercury capture from activated carbon injection occurred in-flight.   During parametric 
testing, activated carbon was turned on for one or more hours, while mercury CEMs were 
used to continuously monitor the inlet and the outlet mercury concentrations.   Figure 5 
gives an example of CEM data during parametric testing.  The straight blue lines indicate 
the sorbent injection rates.  The dark blue line shows the mercury concentration at the 
inlet of the Supplemental ESP, while the light blue line shows the mercury concentration 
at the outlet.  The green line indicates the calculated mercury removal. 

When the activated carbon injection is turned off, the outlet mercury concentration 
increases immediately, but does not come back up to the inlet concentration for some 
time.  Some of the mercury capture, therefore, was not happening because of the in-flight 
removal.  This phenomenon has been noted before, during the parametric carbon 
injection tests at Pleasant Prairie, Unit 2.4   The non-in-flight removal may be caused by 
deposition of carbon on surfaces in the duct work.   

 

 

From CEM data, like that shown in Figure 5, the amount of non-in-flight removal can be 
quantified.  Figure 6 shows the non-in-flight removal as a function of sorbent injection 
rate, with and without trona injection.  At lower SO3 concentrations, the sorbent appears 
capture mercury more effectively, whether in-flight or not. 

 

Figure 5.  Mercury concentrations (blue) and removal (green) as a function of time during 
parametric testing. 

35 minutes 50 minutes

11% 10%

35 minutes 50 minutes

11% 10%
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Figure 6.  Non-in-flight capture of mercury as a function of sorbent injection rate. 

 

Five CFD cases were completed, as summarized in Table 8.  Selected results will be 
discussed here; detailed modeling results can be found in the appendix. 
Table 8.  Predicted mercury removal. 

 %Removal (In-Flight) Max. Fraction Est. Total 
 Hg0 HgCl2 Total 

Hg 
Removal* of Max. 

Removal 
Non-In-

flight 
Removal 

Case 1A 18.3% 15.9% 16.3% 29.3% 0.56 3.2% 19.5% 

Case 1B 27.3% 23.8% 24.3% 40.8% 0.59 5.2% 29.5% 

Case 2A 24.3% 20.9% 21.5% 41.0% 0.52 6.5% 28.0% 

Case 2B 35.4% 30.4% 31.2% 53.6% 0.58 10.9% 42.1% 

Case 3A 31.7% 27.0% 27.7% 54.6% 0.51 6.5% 34.2% 

Case 3B 44.7% 37.9% 38.9% 66.7% 0.58 10.9% 49.8% 

Case 4 3.1% 13.7% 12.7% 17.1% 0.71 6.5% 19.2% 

Case 5A 31.3% 28.0% 28.5% 54.6% 0.52 6.5% 35.0% 

Case 5B 43.8% 39.8% 40.4% 66.7% 0.61 10.9% 51.3% 
*Based on carbon capacity, loading, and initial Hg concentration, assuming no mass-
transfer limitations 
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Figure 7 gives the distribution of gas velocity in the ductwork with injection of activated 
carbon.  The gas velocity at the outside of the first turn after the Old ESP (in the vicinity 
of Port 30) is higher than at the inside of the first turn.  This inequality in velocity 
continues through the transitional duct.   

 

The “maximum” mercury removal, can be estimated based on the assumed capacity of 
the activated carbon, the carbon loading, and the actual mercury concentration in the flue 
gas, assuming that there are no limitations on mixing or mass transfer.  The maximum 
removal is predicted to be 67% at 5 lb/MMacf and a sorbent capacity of 1249 ug/g.   This 
capacity was chosen to correspond to Darco Hg sorbent at 300oF with low SO3 in the flue 
gas.    The capacity of the sorbent imposes an upper bound on mercury removal at MK2.  
Sorbent capacity could be increased by lowering the temperature, by further lowering the 
SO3 in the duct, or by using a different sorbent. 

The maximum removal is on the order of 67%, but the best CFD modeling case predicts 
only 40% removal, or 61% of the maximum removal.  Limitations on mass transfer, on 
residence time, and on distribution of sorbent along the flue gas path could contribute to 
the difference between maximum and predicted removal.   

The turning vanes in the transitional duct between the Old ESP outlet plenum and the 
Supplemental ESP inlet plenum limit the mixing of the sorbent across the width of the 
duct.  The gap between the lowest injection nozzle and the floor of the duct results in 
little sorbent in the region that is 2 to 3 feet from the bottom of the duct.  

Velocity Magnitude
(ft/s)

0

90

Velocity Magnitude
(ft/s)

0

90

Velocity Magnitude
(ft/s)

0

90

Figure 7.  Velocity distribution. 



 Page 14 

Figure 8 compares the mean particle trajectories at 5 lb/MMacf for Case 1 (higher carbon 
flow to Ports 30 and 31) and Case 5 (higher carbon flow to Ports 33 and 32).  Particle 
residence times are 3 to 4 seconds.  Sorbent is more concentrated and particle residence 
time is longer on one side of inlet to Supplemental ESP.  Biasing sorbent flow to Ports 
33, 32 appears to improve uniformity somewhat. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 compares the HgCl2 concentrations at 5 lb/MMacf and the higher sorbent 
capacity (1249 �g/g).  As with Figure 7, Case 1 has higher carbon flow to Ports 30,31, 
while Case 5 has higher carbon flow to Ports 33,32.  The mercury concentrations are 
higher on the bottom of the duct, because of the gap between the lowest nozzles and the 
bottom of the duct.  The predicted Hg concentration is lower on one side of the inlet to 
Supplemental ESP due to high sorbent concentration and longer residence time on that 
side.  Biasing flow to injectors 33,32 (Case 5) improves uniformity 

For all cases, the predicted removal of Hg0 was higher than HgCl2, which suggests that 
mass transfer to the sorbent particle surface was a factor in the difference, since the 
molecular diffusivity of Hg0 was about 35% higher than that of HgCl2.  Mass transfer 
limitations on sorption are more significant for larger particles.  Thus, reducing the mass 
mean diameter of the sorbent could produce improvement in mercury sorption. 

Figure 8.  Mean particle trajectories at 5 lb/MMacf. 
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The CFD model predicts the mercury removal that occurs in flight.  However, as 
discussed above, there is evidence that additional mercury removal occurs, which does 
not take place in flight.  In Figures 10 through 12, the predicted mercury removals are 
shown as a function of carbon injection rate.  The lines show the maximum removal (no 
mass-transfer limitations), the in-flight removal from the CFD model, and the total 
removal, which is the in-flight plus non-in-flight removal (see Figure 6).   The sorbent 
capacities and temperatures used in the model were chosen to correspond to conditions 
with and without trona injection.  Mercury removal derived from parametric sorbent 
injection are shown in the figures as symbols.  When the modeling results are adjusted to 
include non-in-flight removal, the modeling results correspond well to the observed 
parametric results.   

Figure 9.  Mass fraction of HgCl2 at 5 lb/MMacf and a sorbent capacity of 1249 �g/g. 
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Figure 10.   Mercury removal as a function of ACI rate, at 330oF with no trona injection. 
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Figure 11.  Mercury removal as a function of ACI rate, at 330oF with trona injection. 
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Figure 12.  Mercury removal as a function of ACI rate, at 300oF with trona injection. 

The modeling results in the figures above are based on an adsorption isotherm using a 
exponent of 1.  The exponent in the Freundlich isotherm is an indicator of the reactivity 
of the sorbent, which might be important for in-flight capture (though not so important 
for fixed-bed capture). 

In modeling the sorbent injection demonstration at Conesville Unit 5, as part of a 
different DOE-funded demonstration program, an exponent of 0.5 provided a good fit to 
the observed mercury removal, when combined with a fixed-bed breakthrough capacity 
based on flue-gas measurements.  However, at MK2, an exponent of 1 provided a better 
fit to the experimental data, again, when the breakthrough capacity was estimated for the 
specific conditions in the flue gas.  At Conesville, the HCl concentration in the flue gas 
was estimated to be low (~ 15 ppmv), whereas at MK2 the HCl concentration was 
estimated to be considerably higher (~55 ppmv).  The HCl concentration in the flue gas 
may be a factor in “conditioning” the carbon surface.  If an adsorption isotherm is used to 
model Hg adsorption, then low HCl concentrations might be better modeled using a 
lower value of the exponent (as at Conesville).   

Future development of the single-particle adsorption model should include incorporation 
of more detailed surface chemistry, which would represent a different approach to the 
isotherm approach. 
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5.0   Conclusions 
Five design cases have been modeled.  When the modeling results are adjusted to include 
non-in-flight removal, the modeling results correspond well to the observed parametric 
results in terms of mercury removal.   

The capacity of the sorbent imposes an upper bound on the predicted mercury removal at 
MK2.  Sorbent capacity could be increased by lowering the temperature, by further 
lowering the SO3 in the duct, or by using a different sorbent. 

In-flight capture of mercury is predicted to be as much as 61% of the maximum 
achievable removal based on the assumed sorbent capacity, but without mass transfer 
limitations.  Mass transfer to the sorbent particle surface appeared to be a factor in the 
limitations on mercury sorption.  Reducing the mass mean diameter of the sorbent could 
produce improvement in mercury sorption. 
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Appendix
Detailed CFD Modeling Results 
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Sample Management Plan – PSNH Merrimack Station 
Project #:  04-7007-72                                  

 
 
 
ADA-ES, Inc. is conducting an DOE supported R&D test utilizing a variety of methods including 
sorbent injection for mercury control at PSNH’s Merrimack Station.  The overall objective of this 
project is to determine the cost and effects of sorbent injection for control of mercury in stack emissions 
and evaluating the utilization of alternative means to minimize or enhance sorbent injection.   
 
During the evaluation, fuel samples and certain process byproducts will be collected for determination 
of mercury content, stability, and other analytes.  Process byproduct of primary interest is fly ash; 
however, other process byproducts may also be collected. 
 
Sample and data management are needed for tracking approximately 1000 samples from various solid 
process streams at Merrimack Station.  ADA-ES has developed a Sample and Data Management System 
(SDMS) that will store test data from the evaluation.  These data can be used to generate reports, track 
sample history, and input results from laboratory analyses.   
 
ADA-ES will also store plant operational data and other test data during the evaluation.  Pertinent plant 
operating parameters will be logged electronically.  For data control and security, full access will be 
limited to the project, site, and sample manager at ADA-ES as well as the PSNH designated 
representative.  Operators collecting samples will be able to upload information to the database and print 
sample labels and Chain-of-Custody forms.  ADA-ES will include results with regularly issued reports 
to the test team.   
 

Sampling Locations 
Samples of various gaseous and solid process streams will be collected during the evaluation.  Specific 
flue gas samples are not included in this document.  Sampling locations for Merrimack Station Unit 2 
are shown in Figure 1. 
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Sample Collection 
Coal and combustion byproducts will be collected during the mercury control evaluation.  
Samples will be segregated by the test condition (baseline, each parametric test and long 
term).  Collecting a representative sample is the primary objective of the sampling strategy.  
Representative samples will be collected only under stable and normal operating conditions 
unless otherwise directed by ADA-ES personnel.   

Sample Streams 
Coal Samples – Daily coal sampler samples will be collected by the plant from the coal 
conveyor that feeds the Unit 2 coal silos.  Merrimack plant personnel will collect the sample 
between 2:00 am and 7:00 am, thus representing the coal fired between 10:00am and 4:00pm.  
ADA-ES will provide the sample schedule and sample bottles. 
 
ESP Fly Ash – Grab samples of ash will be collected from each row of ESP hoppers each 
day of testing.  Samples will be segregated by the test condition (Baseline, each Parametric 
test, Long Term).  The samples will be stored in 1-quart sample containers for shipping to the 
analytical laboratories.   
 
The schedule indicates sampling from multiple rows and multiple hoppers of the same row of 
the ESPs.  These samples will be used to determine if stratification exists throughout the 
system and to compare ash properties across the flow of the flue gas stream.  A sketch 
showing the collection fields from the ESP is shown in Figure 2.  The shaded hoppers 
indicate the collection fields from which fly ash samples will be collected. 
 
During testing, ADA-ES will coordinate ash sampling and hopper emptying activities with 
plant operations. 
 
During Baseline testing, two sample sets will include ash collection from all ESP hoppers. 
This will provide a Baseline standard, and ensure that deviations in ash mercury content are 
acceptable on a day to day basis. 
 
Per DOE request, a 55-gal drum of ESP ash will be collected from the inlet row of the ESP 
downstream of where sorbent will be injected. One drum will be collected during Baseline 
testing, and a second drum will be collected during Long Term testing while injecting. 
Preferably, both drum collections will be an even weighting of the inlet row and occur with 
the unit at full load. 
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Flue Gas Flow – ESP1 
4 3 2 1 
8 7 6 5 
12 11 10 9 

 
 
 

Flue Gas Flow – ESP2 
6 5 4 3 2 1 
12 11 10 9 8 7 

*Sampled Collection Fields 
 
Figure 2.  ESP Hopper Layout and Sampling Locations. 
 
 
If possible, plant personnel may collect a fly ash sample inside the ESP at the end of the 
testing period.  This sample should be collected from any surface structures (e.g., ledges, 
corners) that are capable of holding fly ash material in place for a long period of time.  This 
sample should be exposed to coal-derived flue gas for long periods of time.  This sample will 
be analyzed for metals content (e.g., Hg, As, Se) to help determine if these toxics accumulate 
over time and surpass any recommended exposure limits. 
 
Other Hopper Samples – PSNH Merrimack will provide samples from all hopper collection 
devices on Unit 2. These include the: 

o SCR Inlet and Outlet hoppers (SCR hoppers refer to both inlet and outlet) 
o Economizer hoppers 
o Bottom Ash from the Sluice Line Outfall 
o Air Heater hoppers 

In addition, the plant will provide approximate re-injection rates for re-injected materials. 
The ash collected from these hoppers will be evaluated throughout the test program to assess 
whether the information gained through the analysis of these samples is pertinent to the 
testing.  
 
 
 

  

 
 
 
 

N 
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Table 1.  Tentative Sampling Schedule. 

Test 
Condition 

Type Frequency Comments 

Process 
Optimizati
on and SO3 
Co-
Benefits 
Analysis 

Coal Daily during morning bunkering 1 liter 

ESP Ash Daily: Hoppers Each Row (e.g.ESP1: 1, 2, 3, 
4, 6, 10; ESP2: 1, 2, 3, 4, 5, 6, 8, 11 )  
 
2 samples per week: All inlet hoppers, same 
back row hoppers as above 
 
Weekly: One Inlet Hopper 

 
1 liter 
 
 
1 liter5 gallon 
- Samples 

SCR, Econ, AH 
Hoppers 

Daily 1 liter 

Slag sluice 2 samples per week 1 liter 

Baseline 

Coal Daily during morning bunkering 1 liter 

ESP Ash Daily: Hoppers Each Row (e.g.ESP1: 1, 2, 3, 
4, 6, 10; ESP2: 1, 2, 3, 4, 5, 6, 8, 11)  
 
2 samples per week: All inlet hoppers, same 
back row hoppers as above 
 
Weekly: One Inlet Hopper 
 
All Hoppers 
 
Front Row of  
ESP2 (each) 

1 liter 
 
 
 
1 liter 
 
 
5 gallon  
 
1 liter 
 
55-gal drum 

SCR, Econ, AH 
Hoppers 

Daily 1 liter 

Slag sluice 2 samples per week 1 liter 

Parametric 

Coal Daily 1 liter 

ESP Ash Daily:  Hoppers Each Row (e.g.ESP1: 1, 2, 3, 
4, 6, 10; ESP2: 1, 2, 3, 4, 5, 6, 8, 11) 

 
1 liter 

Other Hoppers** Daily 1 liter 
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Long-
Term*** 

Coal Daily during morning bunkering 1 liter 

ESP Ash Daily:  
One Hopper Each Field, Middle Row 

2 samples per week: 
All Inlet Hoppers  

Weekly: 
One Inlet Hopper  

 

Front Row of ESP2  

 
1 liter 
 

1 liter 
 

5 gallon – 
Samples 

 
55-gal drum 
 

Bottom Ash* 2 samples per week 1 liter 

Other Hoppers Daily 1 liter 

 Bottom Ash – Sample frequency to be evaluated per relevancy to test results 
 **Other Hoppers include SCR inlet and outlet hoppers, economizer hopper, and air 

heater hopper. 
 ***Long Term Sampling will change frequency based on Variability of sample 

results: less variability will mean less sampling frequency. 
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Sample Management Strategy 
During the mercury control evaluation, Merrimack plant personnel, as directed by ADA-ES, 
will collect the coal samples.  ADA-ES personnel will collect the in-situ fly ash samples.  
The ADA-ES site manager will deliver a sampling schedule, which shows the sampling 
times, volume, and specific samples to collect during each testing day.  A sample 
management flow chart is shown in Figure 3.  
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Collection

Sealed and 
Labeled

Chain of 
Custody

Sample 
Tracking 
System

Ship Samples to ADA-ES/Subcontractor 
Laboratory

Laboratory 
Testing

Input Lab 
Results into 
Database

Report

Review Results 
QA/QC

 
 
Figure 3.  Sample Management Flowchart. 
 
Once the samples have been collected, they will be delivered to ADA-ES personnel to be 
sealed and labeled.  The samples will be logged into a database and given a sample 
identification number.  Authorized project team members will have access to the database to 
see which samples have been collected and are available for testing. 
 
Once the samples have been sealed and labeled, ADA-ES personnel will generate a Chain-of 
Custody (COC) form to be delivered with each shipment of samples.  The COC will be used 
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for sample tracking and identification.  Although ADA-ES will not enforce the strict COC 
procedures (e.g., signatures to release sample custody, controlled access), all pertinent 
information will be recorded.   
 
The samples, along with a COC, will be shipped to the ADA-ES laboratory for storage.  
Once received, ADA-ES will identify samples for mercury and other analyses.  Other 
analyses will include ultimate and proximate analyses for coal and elemental analyses for 
coal and ash samples (including chlorine and fluorine contents).  
 

Sample Analysis  
 
Although previous tests from other programs have shown that the byproducts are extremely 
stable, it is important to continue evaluating these byproducts for each condition using well-
established and documented techniques, and new techniques designed to perform even more 
robust analyses of the byproducts.  Additional ash samples will be collected and archived for 
other tests, including tests requested by EPA, DOE, and independent companies approved by 
DOE.  No samples will be shipped to outside firms without prior approval of PSNH and 
DOE. 
 
Standard leaching test methods conducted on the fly ash samples will include the Toxicity 
Characteristic Leaching Procedure (TCLP, SW846-1311) and the synthetic groundwater 
leaching procedure (SGLP).  Solid samples will be collected and analyzed according to the 
methods as prescribed in Table 2.   
 
The final series of tests are optional, based on whether a determination is made that 
additional analyses are needed for purposes of troubleshooting or for gaining additional 
insight into control options.  For example, it may be desirable to determine the size and 
composition of the ash for certain applications.  These analyses will provide information on 
the impacts of mercury control on ash properties.  The properties have a significant impact on 
the performance of combustion and environmental control systems. PSNH MK2 has 
requested that ash sample techniques to include Total Metals (ppm) and Vanadium (ppm). 
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Table 2.  Summary of Byproduct and Waste Characterization Testing 

Series Test Purpose Test Method Comments 

1 Ash Disposal TCLP (SW846-1311) Measures leachable Hg, As, Ba, Cd, 
Cr, Pb, Se, Ag 

2 

Environmental 
Stability – 
Leaching 

EERC SGLP 
 

Measures leachable Hg at 18 hours, 
2 weeks, and 4 weeks 

3 Special Testing Various As needed for troubleshooting or site-
specific information needs 

 
 
Once the laboratory testing is complete, results will be logged into the SDMS.  Authorized 
project team members will have access to the database to view the results.  A report will be 
generated summarizing results from the sample analyses. 

Flue Gas Samples 
Flue gas measurements will be made at the locations indicated on Figure 1.  Flue gas 
analyses will include the Ontario Hydro, Controlled Condensate SO3 concentrations, EPA 
Method 26A and NH4 measurements.  Hg CEM analyzers and sorbent trap method tests 
(STM) will also be used at selected locations measuring real-time vapor-phase mercury 
concentrations in the flue gas. 
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STM

ADA ID Field ID Project Unit Date Type Location Comments A ng/g B ng/g

6545 PSNH12 7009-71 9/29/06 14:39 STM ESP 1 Outlet 
Port 22

S3397 - 20' Depth 
(2/2)

120

6546 PSNH14 7009-71 9/29/06 16:08 STM ESP 1 Outlet 
Port 20

S3399 - 20' Depth 
(2/2)

133

6547 PSNH15 7009-71 9/30/06 10:43 STM ESP 1 Inlet Port 
10

S3402 - 4' Depth 
(1/2)

54.1

6548 PSNH16 7009-71 9/30/06 10:43 STM ESP 1 Inlet Port 
10

S3401 - 4' Depth 
(2/2)

61.9 0.1

6549 PSNH17 7009-71 9/30/06 11:35 STM ESP 1 Inlet Port 
14

S3400 - 4' Depth 
(1/2)

59.1

6550 PSNH18 7009-71 9/30/06 11:35 STM ESP 1 Inlet Port 
14

S3403 - 4' Depth 
(2/2)

68

6551 PSNH34 7009-71 10/5/06 14:14 STM ESP 2 Inlet Port 
28

S3404 - 10' Depth 
(1/2)

165

6552 PSNH35 7009-71 10/5/06 14:14 STM ESP 2 Inlet Port 
28

S3405 - 10' Depth 
(1/2)

168 0.21

6553 PSNH36 7009-71 9/28/06 12:10 STM Stack Inlet Port 
38.

S3406 - 5' Depth 
(1/2)

163 18

6555 PSNH37 7009-71 9/28/06 12:10 STM Stack Inlet Port 
38.

S3407 - 5' Depth 
(2/2)

140

6557 PSNH62 7009-71 10/6/06 9:41 STM ESP 2 Inlet Port 
28

S3408 - 10' Depth 
(1/2)

168

6558 PSNH63 7009-71 10/6/06 9:41 STM ESP 2 Inlet Port 
28

S3409 - 10' Depth 
(1/2)

172

6559 PSNH64 7009-71 10/6/06 10:56 STM Stack Inlet Port 
38

S3410 - 5' Depth 
(1/2)

162 0.17

6561 PSNH65 7009-71 10/6/06 10:56 STM Stack Inlet Port 
38

S3411 - 5' Depth 
(2/2)

159

6563 PSNH66 7009-71 10/6/06 14:30 STM Blank S3376 - Blank 0.11 0.1

6843 PSNH85 7009-71 2 10/7/06 8:45 STM ESP Outlet Port 
38

S3412 - 5' Depth 
(1/2)

174 0.19

6844 PSNH86 7009-71 2 10/7/06 8:45 STM ESP 2 Inlet Port 
38

S3373 - 5' Depth 
(2/2)

166 0.17

6845 PSNH87 7009-71 2 10/7/06 10:05 STM Stack Inlet Port 
28

S3374 - 10' Depth 
(1/2)

150 0.16

6846 PSNH88 7009-71 2 10/7/06 10:05 STM Stack Inlet Port 
28

S3375 - 10' Depth 
(1/2)

173 0.03

6847 PSNH23
8

7009-71 2 10/16/06 20:45 STM ESP 2 Inlet Port 
38

S3377 237

6848 PSNH23
9

7009-71 2 10/16/06 21:11 STM ESP 2 Inlet Port 
38

S3378 212

6849 PSNH24
0

7009-71 2 10/17/06 15:50 STM Stack Inlet Port 
28

S3380 244

6850 PSNH24
1

7009-71 2 10/17/06 15:50 STM Stack Inlet Port 
28

S3379 219

6930 PSNH28
7

7009-71 11/14/06 17:50 STM Stack Inlet Port 
38

S3222 160 0.09

6932 PSNH28
8

7009-71 11/14/06 17:50 STM Stack Inlet Port 
38

S3224 182

7072 PSNH28
9

7009-71 11/30/06 14:20 STM Stack Inlet Port 
38

S3215 61.9 0.08

7073 PSNH29
0

7009-71 11/30/06 14:20 STM Stack Inlet Port 
38.

S3216 66.6

7076 PSNH29
1

7009-71 12/1/06 13:08 STM Stack Inlet Port 
38

S3217 146

7077 PSNH29
2

7009-71 12/1/06 13:08 STM Stack Inlet Port 
38.

S3218 0.19 119

7363 PSNH31
4

7009-71 1/11/07 12:49 STM Stack Inlet Port 
37

S3220 62.29

7364 PSNH31
5

7009-71 1/11/07 12:49 STM Stack Inlet Port 
37

S3221 59.73 0.09

7365 PSNH31
6

7009-71 1/12/07 12:35 STM Stack Inlet Port 
37

S3219 63.75

7366 PSNH31
7

7009-71 1/12/07 12:35 STM Stack Inlet Port 
37

S3223 60.28

7367 PSNH31
8

7009-71 1/13/07 10:10 STM Stack Inlet Port 
37

S3097 118.1 3.2

7368 PSNH31
9

7009-71 1/13/07 10:10 STM Stack Inlet Port 
37

S3098 108.6

7445 PSNH35
7

7009-71 1/15/07 12:49 STM Stack Inlet Port 
37

S3210 126.9

7446 PSNH35
8

7009-71 1/15/07 12:49 STM Stack Inlet Port 
37

S3211 116.2
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STM

ADA ID Field ID Project Unit Date Type Location Comments A ng/g B ng/g

7565 PSNH37
4

7009-71 1 1/30/07 10:21 STM Stack S3209 - project 06-8042 466.8 <0.32

7566 PSNH37
5

7009-71 1 1/30/07 10:21 STM Stack S3212 - project 06-8042 459.4 <0.32

7567 PSNH37
6

7009-71 1 1/30/07 14:00 STM Stack S3208 - project 06-8042 474.1 <0.32

7568 PSNH37
7

7009-71 1 1/30/07 14:00 STM Stack S3213 - project 06-8042 437.4 <0.32

7569 PSNH37
8

7009-71 1 1/30/07 16:00 STM Stack S3099 - project 06-8042 459.4 2.14

7570 PSNH37
9

7009-71 1 1/30/07 16:00 STM Stack S3214 - project 06-8042 452.1 <0.32

7571 PSNH38
0

7009-71 1/31/07 10:48 STM Stack Inlet Port 
37

S3555 - project 06-8042 561.9 0.32

7572 PSNH38
1

7009-71 1/31/07 10:48 STM Stack Inlet Port 
37

S3556 - project 06-8042 474.1 <0.32

7573 PSNH38
2

7009-71 1/31/07 13:38 STM Stack Inlet Port 
37

S3561 - project 06-8042 576.6 <0.32

7574 PSNH38
3

7009-71 1/31/07 13:38 STM Stack Inlet Port 
37

S3562 - project 06-8042 510.7 <0.32

7575 PSNH38
4

7009-71 1/31/07 4:45 STM Stack Inlet Port 
37

S3563 - project 06-8042 517.8 <0.32

7576 PSNH38
5

7009-71 1/31/07 4:45 STM Stack Inlet Port 
37

S3564 - project 06-8042 531.2 <0.32

7577 PSNH38
6

7009-71 1/31/07 13:00 STM Blank S3554 - project 06-8042 <0.32 <0.32

7578 PSNH38
7

7009-71 1 2/6/07 11:12 STM Stack S3382 - project 06-8042 330.7 <0.32

7579 PSNH38
8

7009-71 1 2/6/07 11:12 STM Stack S3565 - project 06-8042 268.3 <0.32

7580 PSNH38
9

7009-71 1 2/6/07 16:10 STM Stack S3572 - project 06-8042 330.7 <0.32

7581 PSNH39
0

7009-71 1 2/7/07 16:10 STM Stack S3573 - project 06-8042 317.4 <0.32

7582 PSNH39
1

7009-71 1 2/6/07 18:30 STM Stack S3570 - project 06-8042 188.4 <0.32

7583 PSNH39
2

7009-71 1 2/6/07 11:12 STM Stack S3571 - project 06-8042 117.9 <0.32

7584 PSNH39
3

7009-71 2/7/07 10:35 STM Stack Inlet Port 
37

S3381 - project 06-8042 357.5 <0.32

7585 PSNH39
4

7009-71 2/7/07 10:35 STM Stack Inlet Port 
37

S3569 - project 06-8042 350.8 <0.32

7603 PSNH45
5

7009-71 2 2/21/07 9:55 STM Stack Inlet Port 
38

s3641 372.6 <0.32

7606 PSNH45
6

7009-71 2 2/21/07 9:55 STM Stack Inlet Port 
38

s3646 355 <0.32

7608 PSNH45
7

7009-71 2 2/21/07 13:09 STM Stack Inlet Port 
38

s3635 32.03 <0.32

7609 PSNH45
8

7009-71 2 2/21/07 13:09 STM Stack Inlet Port 
38

s3636 248 <0.32

7611 PSNH45
9

7009-71 2 2/21/07 15:11 STM Sup ESP Outlet s3638 290.7 <0.32

7612 PSNH46
0

7009-71 2 2/21/07 15:11 STM Sup ESP Outlet s3665 302.4 <0.32

7613 PSNH46
1

7009-71 1 2/22/07 10:08 STM Stack s3659 373.3 <0.32

7614 PSNH46
2

7009-71 1 2/22/07 10:08 STM Stack s3661 326.6 <0.32

7615 PSNH46
3

7009-71 1 2/22/07 13:20 STM Stack s3658 355.8 <0.32

7616 PSNH46
4

7009-71 1 2/22/07 13:20 STM Stack s3662 294.4 <0.32

7617 PSNH46
5

7009-71 1 2/22/07 16:17 STM Stack s3663 265.2 <0.32

7618 PSNH46
6

7009-71 1 2/22/07 15:17 STM Stack s3664 288.6 <0.32

7619 PSNH44
4

7009-71 2/13/07 16:17 STM Stack Inlet Port 
37

S3567 124.5 <0.32

7620 PSNH44
5

7009-71 2/13/07 16:17 STM Stack Inlet Port 
37

S3566 145.1 <0.32

7621 PSNH44
6

7009-71 2/14/07 13:35 STM Stack Inlet Port 
37

S3639 148.8 <0.32

7622 PSNH44
7

7009-71 2/14/07 13:35 STM Stack Inlet Port 
37

S3640 130 <0.32
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STM

ADA ID Field ID Project Unit Date Type Location Comments A ng/g B ng/g

7623 PSNH44
8

7009-71 2/15/07 12:00 STM Stack Inlet Port 
37

S3634 165.8 <0.32

7624 PSNH44
9

7009-71 2/15/07 12:00 STM Stack Inlet Port 
37

S3633 148.8 <0.32

7625 PSNH45
0

7009-71 2/16/07 12:50 STM Stack Inlet Port 
37

S3568 154.5 <0.32

7626 PSNH45
1

7009-71 2/16/07 12:50 STM Stack Inlet Port 
37

S3642 160.2 <0.32

7627 PSNH45
2

7009-71 2/17/07 12:43 STM Stack Inlet Port 
37

S3644 101.7 <0.32

7628 PSNH45
3

7009-71 2/17/07 12:43 STM Stack Inlet Port 
37

S3645 96.01 <0.32

7629 PSNH45
4

7009-71 2/17/07 12:43 STM Stack Inlet Port 
37

S3643 <0.32 <0.32

8095 PSNH54
4

7009-71 2 4/1/07 14:30 STM Sup ESP Outlet S3660 183 <10

8096 PSNH54
5

7009-71 2 4/1/07 14:30 STM Sup ESP Outlet S3657 206 <10

8097 PSNH54
8

7009-71 2 4/7/07 10:39 STM Sup ESP Outlet LT MgO/Hg - S3656 90 <10

8098 PSNH54
9

7009-71 2 4/7/07 10:39 STM Sup ESP Outlet LT MgO/Hg - S3655 97 <10

8127 PSNH57
8

7009-71 2 4/10/07 9:28 STM Sup ESP Outlet S3653 507.1 <0.32

8128 PSNH57
9

7009-71 2 4/10/07 9:28 STM Sup ESP Outlet S3654 469.2 <0.32

8129 PSNH58
0

7009-71 2 4/10/07 12:35 STM Sup ESP Outlet S3666 472.9 <0.32

8130 PSNH58
1

7009-71 2 4/10/07 12:35 STM Sup ESP Outlet S3652 484.2 <0.32

8131 PSNH58
2

7009-71 2 4/10/07 15:32 STM Sup ESP Outlet S3648 495.5 <0.32

8132 PSNH58
3

7009-71 2 4/10/07 15:32 STM Sup ESP Outlet S3651 484.2 <0.32

8133 PSNH58
4

7009-71 1 4/11/07 13:18 STM Stack S3868 217.3 <0.32

8134 PSNH58
5

7009-71 1 4/11/07 13:18 STM Stack S3867 221.1 <0.32

8135 PSNH58
6

7009-71 1 4/11/07 15:00 STM Stack S3647 Blank <0.32 <0.32

8136 PSNH58
7

7009-71 1 4/11/07 9:32 STM Stack S3649 187.2 <0.32

8137 PSNH58
8

7009-71 1 4/11/07 9:32 STM Stack S3650 172.3 <0.32

8138 PSNH58
9

7009-71 1 4/11/07 16:09 STM Stack S3880 187.6 <0.32

8139 PSNH59
0

7009-71 1 4/11/07 16:09 STM Stack s3869 198.4 <0.32

8140 PSNH59
1

7009-71 2 4/13/07 11:38 STM Sup ESP Outlet S3872 27 <10

8141 PSNH59
2

7009-71 2 4/13/07 11:38 STM Sup ESP Outlet S3873 30 <10

8142 PSNH59
3

7009-71 2 4/13/07 13:55 STM Sup ESP Inlet S3871 247 <10

8143 PSNH59
4

7009-71 2 4/13/07 13:55 STM Sup ESP Inlet S3870 295 <10

8521 PSNH64
0

7009-71 1 5/31/07 9:24 STM Unit 1 Stack W s3879 - HB1673 139 <0.37

8522 PSNH64
1

7009-71 1 5/31/07 9:24 STM Unit 1 Stack W s3877 - HB1673 134.5 <0.37

8523 PSNH64
2

7009-71 1 5/31/07 13:17 STM Unit 1 Stack W s3875 - HB1673 150.2 <0.37

8524 PSNH64
3

7009-71 1 5/31/07 13:17 STM Unit 1 Stack W s3874 - HB1673 139 <0.37

8525 PSNH64
4

7009-71 1 5/31/07 15:12 STM Unit 1 Stack W s3928 - HB1673 142.3 <0.37

8526 PSNH64
5

7009-71 1 5/31/07 15:12 STM Unit 1 Stack W s3876 - HB1673 137.9 <0.37

8527 PSNH64
6

7009-71 2 6/4/07 10:21 STM Unit 2 Stack 
Inlet

s3929 - HB1673 308.2 <0.37

8528 PSNH64
7

7009-71 2 6/4/07 10:21 STM Unit 2 Stack 
Inlet

s3930 - HB1673 285.8 <0.37

8529 PSNH64
8

7009-71 2 6/4/07 13:46 STM Unit 2 Stack 
Inlet

s3933 - HB1673 220.8 <0.37

Page 3 9/7/2009



STM

ADA ID Field ID Project Unit Date Type Location Comments A ng/g B ng/g

8530 PSNH64
9

7009-71 2 6/4/07 13:46 STM Unit 2 Stack 
Inlet

s3932 - HB1673 196.1 <0.37

8531 PSNH65
0

7009-71 2 6/4/07 16:11 STM Unit 2 Stack 
Inlet

s3934 - HB1673 207.6 <0.37

8532 PSNH65
1

7009-71 2 6/4/07 16:11 STM Unit 2 Stack 
Inlet

s3935 - HB1673 214.6 <0.37

8533 PSNH65
2

7009-71 2 6/4/07 17:45 STM Blank s3878 - HB1673 <0.37 <0.37

8535 PSNH65
3

7009-71 2 6/5/07 9:39 STM Unit 2 Stack 
Inlet

s3936 - HB1673 254.5 <0.37

8536 PSNH65
4

7009-71 2 6/5/07 9:39 STM Unit 2 Stack 
Inlet

s3937 - HB1673 238.1 <0.37

8537 PSNH65
5

7009-71 2 6/5/07 12:14 STM Unit 2 Stack 
Inlet

s3940 - HB1673 238.1 <0.37

8538 PSNH65
6

7009-71 2 6/5/07 12:14 STM Unit 2 Stack 
Inlet

s3941 - HB1673 210 <0.37

8539 PSNH65
7

7009-71 2 6/6/07 9:04 STM Unit 2 Stack 
Inlet

s3939 - HB1673 301.5 <0.37

8540 PSNH65
8

7009-71 2 6/6/07 9:04 STM Unit 2 Stack 
Inlet

s3938 - HB1673 289.7 <0.37

8541 PSNH65
9

7009-71 2 6/6/07 10:45 STM Blank s3931 - HB1673 <0.37 <0.37

11279 7009-71 2 12/4/07 10:30 STM Sup ESP Outlet s1557 150.1 <0.19

11280 7009-71 2 12/4/07 10:30 STM Sup ESP Outlet s1556 195.4

11281 7009-71 2 12/4/07 14:31 STM Sup ESP Inlet s3967 165.2

11282 7009-71 2 12/4/07 14:31 STM Sup ESP Inlet s1555 79.79 <0.19

11283 7009-71 2 12/4/07 16:33 STM Sup ESP Inlet s1558 169

11284 7009-71 2 12/4/07 16:33 STM Sup ESP Inlet s3955 185.9

12239 7009-71 2 3/28/08 16:23 STM Sup ESP Inlet s1617 202.3 0.39

12240 7009-71 2 3/28/08 16:23 STM Original ESP 
Outlet

s3903 146.7 0.62

12241 7009-71 2 3/27/08 0:00 STM Sup ESP Outlet s3953 141.5

12242 7009-71 2 3/27/08 0:00 STM Sup ESP Outlet s3954 140.2
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D  O

ADA ID Field ID Project Unit Date Type Location Comments % H2O % LOI
Hg 

(ng/g)

5512 M 5 7009-71 2 4/13/06 12:30 l  sh Eco o i er 0.16 8.23 <10

5513 M 6 7009-71 2 4/13/06 12:45 l  sh S  inlet 0.14 20.72 <10

5514 M 7 7009-71 2 4/13/06 13:30 l  sh S  Outlet 1.62 9.16 37

5515 M 8 7009-71 2 4/13/06 13:00 Botto  sh Slag Hopper 0 0.01 <10

5516 M 9 7009-71 2 4/13/06 11:10 l  sh o posite o  
1-6

0 8.63 <10

5517 M 10 7009-71 2 4/13/06 11:10 l  sh o posite o  
7-12

0.2 7.64 11

5518 M 11 7009-71 2 4/13/06 11:10 l  sh  o -Ol  
Precip

0 15.46 25

5519 M 12 7009-71 2 4/13/06 11:10 l  sh B o -Ol  
Precip

0.01 0.01 38

5520 M 13 7009-71 2 4/13/06 11:10 l  sh  o -Ol  
Precip

0 9.33 22

5521 M 14 7009-71 2 4/14/06 11:05 l  sh Eco o i er 0.02 14.1 12

5522 M 15 7009-71 2 4/14/06 10:50 l  sh S  inlet 0.02 25.49 15

5523 M 16 7009-71 2 4/14/06 10:25 l  sh S  Outlet 0 7.82 <10

5524 M 17 7009-71 2 4/14/06 10:00 Botto  sh Slag Hopper 0.01 0.05 <10

5525 M 18 7009-71 2 4/14/06 10:15 l  sh ir Preheater 
Shot Hopper

0.03 18.45 <10

5526 M 19 7009-71 2 4/14/06 10:20 l  sh o posite o  
1-6

0.01 9.98 17

5527 M 20 7009-71 2 4/14/06 10:20 l  sh o posite o  
7-12

0.21 7.91 <10

5528 M 21 7009-71 2 4/14/06 10:10 l  sh  o -Ol  
Precip

0.08 12.41 25

5529 M 22 7009-71 2 4/14/06 10:10 l  sh B o -Ol  
Precip

0.04 7.68 19

5530 M 23 7009-71 2 4/14/06 10:10 l  sh  o -Ol  
Precip

0.13 9.31 24

5877 7009-71 2 8/3/06 8:30 l  sh Hopper  o 0.02 35.19 57

5878 7009-71 2 8/3/06 8:30 l  sh Hopper B o 0 17.89 93

5879 7009-71 2 8/3/06 8:30 l  sh Hopper  o 0.01 13.54 96

5880 7009-71 2 8/3/06 8:30 l  sh Hoppers 1-6 0.01 15.75 91

5881 7009-71 2 8/3/06 8:30 l  sh Hoppers 7-12 0.05 13.39 101

6488 PSNH19 7009-71 9/2/06 8:30 l  sh ESP 1 o  1-4 Baseline 0.05 20.7 54

6489 PSNH20 7009-71 9/2/06 8:30 l  sh ESP 1 o  5-8 Baseline 0.1 24.15 81

6490 PSNH21 7009-71 9/2/06 8:30 l  sh ESP 1 o  9-12 Baseline 0.24 19.25 117

6491 PSNH22 7009-71 9/2/06 8:30 l  sh ESP 2 o  1-6 Baseline 0.24 29.77 154

6492 PSNH23 7009-71 9/2/06 8:30 l  sh ESP 2 o  7-12 Baseline 1.49 22.05 195

6498 PSNH29 7009-71 9/5/06 8:30 l  sh ESP 1 o  Baseline 0.68 27.74 93

6499 PSNH30 7009-71 9/3/06 7:45 l  sh ESP 1 o  B Baseline 0.15 18.95 75

6500 PSNH31 7009-71 9/3/06 10:00 l  sh ESP 1 o  Baseline 0.17 21.97 115

6501 PSNH32 7009-71 9/3/06 7:50 l  sh ESP 2 o  1-6 Baseline 0.09 20.75 40

6502 PSNH33 7009-71 9/3/06 8:40 l  sh ESP 2 o  7-12 Baseline 1.04 22.86 72

6503 PSNH38 7009-71 l  sh ESP 2 Hopper 
10

Baseline 0.15 19.36 43

6504 PSNH39 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 9 Baseline 0 16.8 63

6505 PSNH40 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 5 Baseline 0 26.71 75

6506 PSNH41 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 6 Baseline 0 28.03 85

6507 PSNH42 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 8 Baseline 0.04 17.17 59

6508 PSNH43 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 7 Baseline 0.12 16.62 46

6509 PSNH44 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 
11

Baseline 0.26 23.69 57
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6510 PSNH45 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 
12

Baseline 0.19 24.51 76

6511 PSNH46 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 3 Baseline 0.08 21.82 65

6512 PSNH47 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 4 Baseline 0 21.83 55

6513 PSNH48 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 2 Baseline 0 19.8 46

6514 PSNH49 7009-71 10/6/06 8:30 l  sh ESP 2 Hopper 1 Baseline 0 22.75 80

6515 PSNH50 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 
12

Baseline 0 15.91 47

6516 PSNH51 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 
11

Baseline 0 14.63 50

6517 PSNH52 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 
10

Baseline 0 14.72 61

6518 PSNH53 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 9 Baseline 0 16.36 52

6519 PSNH54 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 8 Baseline 0 12.32 28

6520 PSNH55 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 7 Baseline 0 12.82 49

6521 PSNH56 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 6 Baseline 0 13.22 35

6522 PSNH57 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 5 Baseline 0 14.5 32

6523 PSNH58 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 4 Baseline 0 14.4 28

6524 PSNH59 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 3 Baseline 0 17.95 30

6525 PSNH60 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 2 Baseline 0 21.17 29

6526 PSNH61 7009-71 10/6/06 8:30 l  sh ESP 1 Hopper 1 Baseline 0 24.93 26

6726 PSNH99 7009-71 10/11/06 0:00 l  sh ESP 1 o  Baseline 0 16.56 18

6727 PSNH10
0

7009-71 10/11/06 0:00 l  sh ESP 1 o  B Baseline 0 10.5 29

6728 PSNH10
1

7009-71 10/11/06 0:00 l  sh ESP 1 o  Baseline 0 13.74 46

6729 PSNH10
2

7009-71 10/11/06 0:00 l  sh ESP 2 o  1-6 Baseline 0 12.09 41

6730 PSNH10
3

7009-71 10/11/06 0:00 l  sh ESP 2 o  7-12 Baseline 0 10.79 31

6736 PSNH10
9

7009-71 10/12/06 17:00 l  sh ESP 1 1 MgO Inj 0.01 24.58 38

6737 PSNH11
0

7009-71 10/12/06 17:00 l  sh ESP 1 2 MgO Inj 0 11.7 46

6738 PSNH11
1

7009-71 10/12/06 17:00 l  sh ESP 1 3 MgO Inj 0.08 12.33 60

6739 PSNH11
2

7009-71 10/12/06 17:00 l  sh ESP 1 4 MgO Inj 0.01 9.91 49

6740 PSNH11
3

7009-71 10/13/06 7:00 l  sh ESP 1 1 MgO Inj 0 13.45 54

6741 PSNH11
4

7009-71 10/13/06 7:00 l  sh ESP 1 2 MgO Inj 0 23.88 31

6742 PSNH11
5

7009-71 10/13/06 7:00 l  sh ESP 1 3 MgO Inj 0 12.85 54

6743 PSNH11
6

7009-71 10/13/06 7:00 l  sh ESP 1 4 MgO Inj 0 9.64 60

6744 PSNH11
7

7009-71 10/13/06 7:00 l  sh ESP 1 o  B MgO Inj 0 13.83 75

6745 PSNH11
8

7009-71 10/13/06 7:00 l  sh ESP 1 o  MgO Inj 0 13.4 61

6746 PSNH11
9

7009-71 10/13/06 7:00 l  sh ESP 2 o  1-6 MgO Inj 0 14.11 59

6747 PSNH12
0

7009-71 10/13/06 7:00 l  sh ESP 2 o  7-12 MgO Inj 0.1 12.4 55

6760 PSNH13
3

7009-71 10/15/06 13:45 l  sh ESP 1 1 MgO Inj 0 6.04 14

6761 PSNH13
4

7009-71 10/15/06 13:45 l  sh ESP 1 2 MgO Inj 0.05 4.57 22

6762 PSNH13
5

7009-71 10/15/06 13:45 l  sh ESP 1 3 MgO Inj 0 5.04 25

6763 PSNH13
6

7009-71 10/15/06 13:45 l  sh ESP 1 4 MgO Inj 0.01 4.91 24

6764 PSNH13
7

7009-71 10/15/06 13:45 l  sh ESP 1 o  B MgO Inj - o posite 0 3.83 19

6765 PSNH13
8

7009-71 10/15/06 13:45 l  sh ESP 1 o  MgO Inj - o posite 0.02 3.35 29

6766 PSNH13
9

7009-71 10/15/06 13:30 l  sh ESP 2 o  1-6 MgO Inj 0.03 7.6 24
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6767 PSNH14
0

7009-71 10/15/06 13:30 l  sh ESP 2 o  7-12 MgO Inj 0.45 11.1 36

6790 PSNH16
3

7009-71 10/18/06 10:00 l  sh ESP 1 1 MgO Inj 0 6.41 19

6791 PSNH16
4

7009-71 10/18/06 10:00 l  sh ESP 1 2 MgO Inj 0.03 29.2 72

6792 PSNH16
5

7009-71 10/18/06 10:00 l  sh ESP 1 3 MgO Inj 0.02 7.14 40

6793 PSNH16
6

7009-71 10/18/06 10:00 l  sh ESP 1 4 MgO Inj 0.01 4.85 18

6794 PSNH16
7

7009-71 10/18/06 10:00 l  sh ESP 1 o  B MgO Inj - o posite 0 4.6 42

6795 PSNH16
8

7009-71 10/18/06 10:00 l  sh ESP 1 o  MgO Inj - o posite 0 3.9 31

6796 PSNH16
9

7009-71 10/18/06 10:12 l  sh ESP 2 o  1-6 MgO Inj 0 5.14 20

6797 PSNH17
0

7009-71 10/18/06 10:12 l  sh ESP 2 o  7-12 MgO Inj 0.15 4.5 20

6798 PSNH17
1

7009-71 10/19/06 10:00 l  sh ESP 1 1 MgO Inj 0 5.55 33

6799 PSNH17
2

7009-71 10/19/06 10:00 l  sh ESP 1 2 MgO Inj 0.04 31.85 49

6800 PSNH17
3

7009-71 10/19/06 10:00 l  sh ESP 1 3 MgO Inj 0.02 3.72 35

6801 PSNH17
4

7009-71 10/19/06 10:00 l  sh ESP 1 4 MgO Inj 0 4.15 31

6802 PSNH17
5

7009-71 10/19/06 10:00 l  sh ESP 1 o  B MgO Inj - o posite 0 3.12 38

6803 PSNH17
6

7009-71 10/19/06 10:00 l  sh ESP 1 o  MgO Inj - o posite 0 3.58 15

6804 PSNH17
7

7009-71 10/19/06 10:24 l  sh ESP 2 o  1-6 MgO Inj 0.03 4.87 23

6805 PSNH17
8

7009-71 10/19/06 10:24 l  sh ESP 2 o  7-12 MgO Inj 0.14 3.4 15

6816 PSNH18
9

7009-71 10/23/06 8:00 l  sh ESP 1 o  MgO Inj - o posite 0.05 13.31 23

6817 PSNH19
0

7009-71 10/23/06 8:00 l  sh ESP 1 o  B MgO Inj - o posite 0.05 11.85 21

6818 PSNH19
1

7009-71 10/23/06 8:00 l  sh ESP 1 o  MgO Inj - o posite 0.09 8.28 26

6819 PSNH19
2

7009-71 10/23/06 8:00 l  sh ESP 2 o  1-6 Baseline 0.16 7.78 19

6820 PSNH19
3

7009-71 10/23/06 8:00 l  sh ESP 2 o  7-12 Baseline 0.3 7.16 <10

6892 PSNH20
7

7009-71 10/30/06 0:00 l  sh ESP 2 o  7-12 Baseline 0.31 6.73 25

6893 PSNH20
8

7009-71 10/30/06 0:00 l  sh ESP 2 o  1-6 Baseline 0.12 8.19 24

6894 PSNH20
9

7009-71 10/30/06 0:00 l  sh ESP 1 o  Baseline - o posite 0.05 10.61 20

6895 PSNH21
0

7009-71 10/30/06 0:00 l  sh ESP 1 o  B Baseline - o posite 0.06 10.54 19

6896 PSNH21
1

7009-71 10/30/06 0:00 l  sh ESP 1 o  Baseline - o posite 0.05 8.78 25

6897 PSNH21
2

7009-71 10/31/06 0:00 l  sh ESP 2 o  7-12 Baseline 0.15 10.05 26

6898 PSNH21
3

7009-71 10/31/06 0:00 l  sh ESP 2 o  1-6 Baseline 0.09 12.72 42

6899 PSNH21
4

7009-71 10/31/06 0:00 l  sh ESP 1 o  Baseline - o posite 0.03 28.43 33

6900 PSNH21
5

7009-71 10/31/06 0:00 l  sh ESP 1 o  B Baseline - o posite 0.07 16.16 29

6901 PSNH21
6

7009-71 10/31/06 0:00 l  sh ESP 1 o  Baseline - o posite 0.05 14.67 33

6902 PSNH21
8

7009-71 11/1/06 0:00 l  sh ESP 2 o  1-6 Baseline 0.15 33.57 474

6903 PSNH21
9

7009-71 11/1/06 0:00 l  sh ESP 2 o  7-12 Baseline 0.26 48.57 350

6904 PSNH22
0

7009-71 11/1/06 0:00 l  sh ESP 1 1 Baseline 0.19 33.82 84

6905 PSNH22
1

7009-71 11/1/06 0:00 l  sh ESP 1 2 Baseline 0.09 49.43 116

6906 PSNH22
2

7009-71 11/1/06 0:00 l  sh ESP 1 3 Baseline 0.17 46.52 96

6907 PSNH22
3

7009-71 11/1/06 0:00 l  sh ESP 1 4 Baseline 0.2 17.41 99

6908 PSNH22
4

7009-71 11/1/06 0:00 l  sh ESP 1 o  B Baseline - o posite 0.14 17.02 161

6909 PSNH22
5

7009-71 11/1/06 0:00 l  sh ESP 1 o  Baseline - o posite 0.09 22.17 193

6954 PSNH26
3

7009-71 11/13/06 18:00 l  sh ESP 1 1 0 17.1 14
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6955 PSNH26
4

7009-71 11/13/06 18:00 l  sh ESP 1 2 0 30.79 26

6956 PSNH26
5

7009-71 11/13/06 18:00 l  sh ESP 1 3 0 28.96 <10

6957 PSNH26
6

7009-71 11/13/06 18:00 l  sh ESP 1 4 0 9.33 <10

6958 PSNH26
7

7009-71 11/13/06 18:00 l  sh ESP 1 o  B o posite 0 8.45 17

6959 PSNH26
8

7009-71 11/13/06 18:00 l  sh ESP 1 o  o posite 0 9.18 16

6960 PSNH26
9

7009-71 11/13/06 18:00 l  sh ESP 2 o  1-6 0 11.14 21

6961 PSNH27
0

7009-71 11/13/06 18:00 l  sh ESP 2 o  7-12 0.04 9.45 12

7078 PSNH29
3

7009-71 2 12/1/06 13:30 l  sh ESP 2 Hopper 1 H -LH 0.02 11.49 194

7079 PSNH29
4

7009-71 2 11/30/06 13:30 l  sh ESP 2 Hopper 2 H -LH 0 15.87 340

7080 PSNH29
5

7009-71 2 11/30/06 14:00 l  sh ESP 2 Hopper 3 H -LH 0 15.93 269

7081 PSNH29
6

7009-71 2 11/30/06 13:30 l  sh ESP 2 Hopper 4 H -LH 0 16.22 313

7082 PSNH29
7

7009-71 2 11/30/06 13:50 l  sh ESP 2 Hopper 5 H -LH 0 13.25 76

7083 PSNH29
8

7009-71 2 11/30/06 13:30 l  sh ESP 2 Hopper 6 H -LH 0 11 121

7084 PSNH29
9

7009-71 2 11/30/06 13:00 l  sh ESP 1 o  o posite - H -LH 0 11.62 21

7085 PSNH30
0

7009-71 2 11/30/06 13:00 l  sh ESP 1 o  B o posite - H -LH 0.08 12.07 24

7086 PSNH30
1

7009-71 2 11/30/06 13:00 l  sh ESP 1 o  o posite - H -LH 0.01 9.12 23

7087 PSNH30
2

7009-71 2 11/30/06 13:45 l  sh ESP 2 
o posite

 H -LH 0.01 8.72 66

7088 PSNH30
4

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 1 E26 0.01 11.35 252

7089 PSNH30
5

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 2 E26 0.02 16.09 455

7090 PSNH30
6

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 3 E26 0.03 18.02 566

7091 PSNH30
7

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 4 E26 0.04 20.6 727

7092 PSNH30
8

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 5 E26 0 23.58 844

7093 PSNH30
9

7009-71 2 12/1/06 14:30 l  sh ESP 2 Hopper 6 E26 0 23.68 711

7094 PSNH31
0

7009-71 2 12/1/06 14:00 l  sh ESP 1 o  o posite - H -LH 0 17.49 16

7095 PSNH31
1

7009-71 2 12/1/06 14:00 l  sh ESP 1 o  B o posite - H -LH 0.02 11.19 22

7096 PSNH31
2

7009-71 2 12/1/06 14:00 l  sh ESP 1 o  o posite - H -LH 0.02 9.58 18

7097 PSNH31
3

7009-71 2 12/1/06 14:30 l  sh ESP 2 
o posite

E26 0.13 17.09 920

7408 PSNH32
0

7009-71 1/9/07 10:40 l  sh ESP1 
(co posite)

BL 0.02 14.09 26

7409 PSNH32
1

7009-71 1/9/07 10:40 l  sh ESP1 B
(co posite)

BL 0.01 12.52 34

7410 PSNH32
2

7009-71 1/9/07 10:40 l  sh ESP1 
(co posite)

BL 0.02 9.97 35

7411 PSNH32
3

7009-71 1/9/07 10:40 l  sh SUP ESP 1-6 BL 0.02 11.24 39

7412 PSNH32
4

7009-71 1/9/07 10:40 l  sh SUP ESP7-12 BL 0 10.85 15

7413 PSNH32
5

7009-71 1/10/07 13:00 l  sh ESP1 
(co posite)

H 0.03 12.59 83

7414 PSNH32
6

7009-71 1/10/07 13:00 l  sh ESP1 B
(co posite)

H 0.02 17.43 263

7415 PSNH32
7

7009-71 1/10/07 13:00 l  sh ESP1 
(co posite)

H 0.02 16.87 147

7416 PSNH32
8

7009-71 1/10/07 13:00 l  sh SUP ESP 1-6 H 0 21.2 2015

7417 PSNH32
9

7009-71 1/10/07 13:00 l  sh SUP ESP7-12 H 0 20.87 410

7418 PSNH33
0

7009-71 1/11/07 13:00 l  sh ESP1 
(co posite)

H -LH 0.02 14.67 137

7419 PSNH33
1

7009-71 1/11/07 13:00 l  sh ESP1 B
(co posite)

H -LH 0.02 14.15 133

7420 PSNH33
2

7009-71 1/11/07 13:00 l  sh ESP1 
(co posite)

H -LH 0.03 14.26 230

7421 PSNH33
3

7009-71 1/11/07 13:00 l  sh SUP ESP o  1 H -LH 0.08 20.49 1810

Page 4 9/7/2009



D  O

ADA ID Field ID Project Unit Date Type Location Comments % H2O % LOI
Hg 

(ng/g)

7422 PSNH33
4

7009-71 1/11/07 13:00 l  sh SUP ESP o  2 H -LH 0.06 25.49 2160

7423 PSNH33
5

7009-71 1/11/07 13:00 l  sh SUP ESP o  3 H -LH 0 25.33 2300

7424 PSNH33
6

7009-71 1/11/07 13:00 l  sh SUP ESP o  4 H -LH 0 28.05 2820

7425 PSNH33
7

7009-71 1/11/07 13:00 l  sh SUP ESP o  5 H -LH 0 31.06 3510

7426 PSNH33
8

7009-71 1/11/07 13:00 l  sh SUP ESP o  6 H -LH 0.1 35.95 3210

7427 PSNH33
9

7009-71 1/11/07 13:00 l  sh SUP ESP7-12 H -LH 0.02 32.16 3420

7428 PSNH34
0

7009-71 1/12/07 13:00 l  sh ESP1 
(co posite)

BL 0.03 21.96 80

7429 PSNH34
1

7009-71 1/12/07 13:00 l  sh ESP1 B
(co posite)

BL 0.02 12.71 160

7430 PSNH34
2

7009-71 1/12/07 13:00 l  sh ESP1 
(co posite)

BL 0.03 11.73 234

7431 PSNH34
3

7009-71 1/12/07 13:00 l  sh SUP ESP 1-6 BL 0 30.16 3030

7432 PSNH34
4

7009-71 1/12/07 13:00 l  sh SUP ESP7-12 BL 0.07 15.32 2610

7433 PSNH34
5

7009-71 1/13/07 11:00 l  sh ESP1 o  1 E-26 0.07 13.49 33

7434 PSNH34
6

7009-71 1/13/07 11:00 l  sh ESP1 o  1B E-26 0.07 10.25 33

7435 PSNH34
7

7009-71 1/13/07 11:00 l  sh ESP1 o  1 E-26 0 8.69 31

7436 PSNH34
8

7009-71 1/13/07 11:00 l  sh SUP ESP o  1 E-26 0 12.02 1100

7437 PSNH34
9

7009-71 1/13/07 11:00 l  sh SUP ESP o  2 E-26 0.18 16.23 1900

7438 PSNH35
0

7009-71 1/13/07 11:00 l  sh SUP ESP o  3 E-26 0.44 17.85 1280

7439 PSNH35
1

7009-71 1/13/07 11:00 l  sh SUP ESP o  4 E-26 0.19 19.95 1960

7440 PSNH35
2

7009-71 1/13/07 11:00 l  sh SUP ESP o  5 E-26 0 22.41 2020

7441 PSNH35
3

7009-71 1/13/07 11:00 l  sh SUP ESP o  6 E-26 0 22.91 1810

7442 PSNH35
4

7009-71 1/13/07 11:00 l  sh SUP ESP7-12 
(co p)

E-26 0.15 17.85 1620

7447 PSNH35
9

7009-71 1/15/07 13:30 l  sh SUP ESP o  1 Hg-LH 184

7448 PSNH36
0

7009-71 1/15/07 13:30 l  sh SUP ESP o  2 Hg-LH 149

7449 PSNH36
1

7009-71 1/15/07 13:30 l  sh SUP ESP o  3 Hg-LH 231

7450 PSNH36
2

7009-71 1/15/07 13:30 l  sh SUP ESP o  4 Hg-LH 205

7451 PSNH36
3

7009-71 1/15/07 13:30 l  sh SUP ESP o  5 Hg-LH 285

7452 PSNH36
4

7009-71 1/15/07 13:30 l  sh SUP ESP o  6 Hg-LH 223

7453 PSNH36
5

7009-71 1/15/07 13:30 l  sh SUP ESP7-12 Hg-LH 190

7454 PSNH36
6

7009-71 1/15/07 13:30 l  sh ESP1 o  1- 1 Hg-LH 124

7455 PSNH36
7

7009-71 1/15/07 13:30 l  sh ESP1 o  1- 2 Hg-LH 142

7456 PSNH36
8

7009-71 1/15/07 13:30 l  sh ESP1 o  1- 3 Hg-LH 254

7457 PSNH36
9

7009-71 1/15/07 13:30 l  sh ESP1 o  1- 4 Hg-LH 182

7458 PSNH37
0

7009-71 1/15/07 13:30 l  sh ESP1 o  3 
(co p)

Hg-LH 192

7586 PSNH39
5

7009-71 1/30/07 13:45 l  sh Unit 1 Precip 
hop 1-4

BL - project 06-8042 0.01 29.49 103

7587 PSNH39
6

7009-71 1/30/07 13:45 l  sh Unit 1 Precip 
hop 5-8

BL - project 06-8042 0.02 8.72 76

7588 PSNH39
7

7009-71 1/30/07 13:00 l  sh Unit 1 Sup 
Precip hop -D

BL - project 06-8042 0.03 7.6 28

7589 PSNH39
8

7009-71 1/31/07 13:00 l  sh ESP1 
(co posite)

BL - project 06-8042 0.03 7.06 10

7590 PSNH39
9

7009-71 1/31/07 13:00 l  sh ESP1 B
(co posite)

BL - project 06-8042 0.01 5.52 10

7591 PSNH40
0

7009-71 1/31/07 13:00 l  sh ESP1 
(co posite)

BL - project 06-8042 0.01 3.41 <10

7592 PSNH40
1

7009-71 1/31/07 13:30 l  sh SUP ESP 1-6 
(co p)

BL - project 06-8042 0.01 4.45 <10

7593 PSNH40
2

7009-71 1/31/07 13:30 l  sh SUP ESP7-12 
(co p)

BL - project 06-8042 0.05 5.37 11
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7633 PSNH41
4

7009-71 2/13/07 13:30 l  sh ESP1 o  1- Hg-LH/30 MgO 0.08 6.46 20

7634 PSNH41
5

7009-71 2/13/07 13:30 l  sh ESP1 o  1-B Hg-LH/30 MgO 0.1 10.19 37

7635 PSNH41
6

7009-71 2/13/07 13:30 l  sh ESP1 o  1- Hg-LH/30 MgO 0.1 4.92 18

7636 PSNH41
7

7009-71 2/13/07 13:30 l  sh ESP1 o  1-D Hg-LH/30 MgO 0.09 5.59 20

7637 PSNH41
8

7009-71 2/13/07 13:30 l  sh SUP ESP 1-6 
(co p)

Hg-LH/30 MgO 0.3 6.91 61

7638 PSNH41
9

7009-71 2/13/07 13:30 l  sh SUP ESP7-12 
(co p)

Hg-LH/30 MgO 0.27 12.94 1390

7645 PSNH42
6

7009-71 2/15/07 13:30 l  sh ESP1 o  1- Hg-LH/90 MgO 37

7646 PSNH42
7

7009-71 2/15/07 13:30 l  sh ESP1 o  1-B Hg-LH/90 MgO 30

7647 PSNH42
8

7009-71 2/15/07 13:30 l  sh ESP1 o  1- Hg-LH/90 MgO 29

7648 PSNH42
9

7009-71 2/15/07 13:30 l  sh ESP1 o  1-D Hg-LH/90 MgO 28

7649 PSNH43
0

7009-71 2/15/07 13:30 l  sh SUP ESP 1-6 
(co p)

Hg-LH/90 MgO 1160

7650 PSNH43
1

7009-71 2/15/07 13:30 l  sh SUP ESP7-12 
(co p)

Hg-LH/90 MgO 577

7651 PSNH43
2

7009-71 2/16/07 13:30 l  sh ESP1 o  1- L/30MgO 28

7652 PSNH43
3

7009-71 2/16/07 13:30 l  sh ESP1 o  1-B L/30MgO 31

7653 PSNH43
4

7009-71 2/16/07 13:30 l  sh ESP1 o  1- L/30MgO 31

7654 PSNH43
5

7009-71 2/16/07 13:30 l  sh ESP1 o  1-D L/30MgO 23

7655 PSNH43
6

7009-71 2/16/07 13:30 l  sh SUP ESP 1-6 
(co p)

L/30MgO 514

7656 PSNH43
7

7009-71 2/16/07 13:30 l  sh SUP ESP7-12 
(co p)

L/30MgO 657

7657 PSNH43
8

7009-71 2/17/07 14:00 l  sh ESP1 o  1- L/90MgO 32

7658 PSNH43
9

7009-71 2/17/07 14:00 l  sh ESP1 o  1-B L/90MgO 34

7659 PSNH44
0

7009-71 2/17/07 14:00 l  sh ESP1 o  1- L/90MgO 36

7660 PSNH44
1

7009-71 2/17/07 14:00 l  sh ESP1 o  1-D L/90MgO 34

7661 PSNH44
2

7009-71 2/17/07 14:00 l  sh SUP ESP 1-6 
(co p)

L/90MgO 486

7662 PSNH44
3

7009-71 2/17/07 14:00 l  sh SUP ESP7-12 
(co p)

L/90MgO 421

7856 PSNH46
7

7009-71 2 2/21/07 13:00 l  sh ESP 1 Hopper 1 M29 16

7857 PSNH46
8

7009-71 2 2/21/07 13:00 l  sh ESP 1 Hopper 2 M29 19

7858 PSNH46
9

7009-71 2 2/21/07 13:00 l  sh ESP 1 Hopper 3 M29 13

7859 PSNH47
0

7009-71 2 2/21/07 13:30 l  sh ESP 1 Hopper 4 M29 14

7860 PSNH47
1

7009-71 2 2/21/07 14:00 l  sh ESP 2 o  1-6 M29 47

7862 PSNH47
3

7009-71 2 2/21/07 14:00 l  sh ESP 2 o  7-12 M29 83

7863 PSNH47
4

7009-71 2 2/22/07 13:00 l  sh ESP 1 Hopper 1 M29 20

7864 PSNH47
5

7009-71 2 2/22/07 13:00 l  sh ESP 1 Hopper 2 M29 30

7865 PSNH47
6

7009-71 2 2/22/07 13:00 l  sh ESP 1 Hopper 3 M29 27

7866 PSNH47
7

7009-71 2 2/22/07 13:00 l  sh ESP 1 Hopper 3 M29 20

7867 PSNH47
8

7009-71 2 2/22/07 13:30 l  sh ESP 2 o  1-6 M29 49

7868 PSNH47
9

7009-71 2 2/22/07 13:30 l  sh ESP 2 o  7-12 M29 56

7869 PSNH48
0

7009-71 1 2/22/07 13:30 l  sh U1 Ne  Sup M29 13

7870 PSNH48
1

7009-71 1 2/22/07 13:30 l  sh Ol  1-4 M29 42

7871 PSNH48
2

7009-71 1 2/22/07 13:30 l  sh Ol  5-8 M29 26

7873 PSNH48
4

7009-71 2 2/21/07 13:00 l  sh ESP1 o  1-B M29 11

7874 PSNH48
5

7009-71 2 2/21/07 13:00 l  sh ESP1 o  1- M29 12
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7875 PSNH48
6

7009-71 2 2/21/07 13:00 l  sh ESP1 o  1- M29 19

7876 PSNH48
7

7009-71 2 2/28/07 14:45 l  sh ESP1 o  1- M29 44

7877 PSNH48
8

7009-71 2 2/28/07 14:45 l  sh ESP1 o  1-B M29 53

7878 PSNH48
9

7009-71 2 2/28/07 14:45 l  sh ESP1 o  1- M29 45

7879 PSNH49
0

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 1 M29 128

7880 PSNH49
1

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 2 M29 198

7881 PSNH49
2

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 3 M29 323

7882 PSNH49
3

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 4 M29 104

7883 PSNH49
4

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 5 M29 477

7884 PSNH49
5

7009-71 2 2/28/07 15:00 l  sh ESP 2 Hopper 6 M29 687

7885 PSNH49
6

7009-71 2 2/28/07 15:00 l  sh ESP 2 o  7-12 M29 36

7886 PSNH49
7

7009-71 1 2/6/07 13:00 l  sh U1 o  1 -B M29 23

7887 PSNH49
8

7009-71 1 2/6/07 13:00 l  sh U1 o  1 1-4 M29 45

7888 PSNH49
9

7009-71 1 2/6/07 13:00 l  sh U1 o  2 5-8 M29 29

7902 PSNH50
7

7009-71 2 2/27/07 14:00 l  sh ESP1 o  1- M29 0.01 14.04 26

7903 PSNH50
8

7009-71 2 2/27/07 14:00 l  sh ESP1 o  1-B M29 0.01 8.05 18

7904 PSNH50
9

7009-71 2 2/27/07 14:00 l  sh ESP1 o  1- M29 0.03 6.98 40

7905 PSNH51
0

7009-71 2 2/27/07 14:00 l  sh ESP 2 o  1-6 M29 0.04 8.55 34

7906 PSNH51
1

7009-71 2 2/27/07 14:00 l  sh ESP 2 o  7-12 M29 0.12 8.77 31

8071 PSNH51
2

7009-71 2 3/29/07 13:00 l  sh ESP 1 1 LT MgO/Hg 93

8072 PSNH51
3

7009-71 2 3/29/07 13:00 l  sh ESP 1 2 LT MgO/Hg 76

8073 PSNH51
4

7009-71 2 3/29/07 13:00 l  sh ESP 1 3 LT MgO/Hg 56

8074 PSNH51
5

7009-71 2 3/29/07 13:00 l  sh ESP 1 4 LT MgO/Hg 60

8075 PSNH51
6

7009-71 2 3/29/07 13:00 l  sh ESP1 B
(co posite)

LT MgO/Hg 63

8076 PSNH51
7

7009-71 2 3/29/07 13:00 l  sh ESP1 
(co posite)

LT MgO/Hg 104

8077 PSNH51
8

7009-71 2 3/29/07 13:30 l  sh ESP 2 o  1-6 LT MgO/Hg 342

8078 PSNH51
9

7009-71 2 3/29/07 13:30 l  sh ESP 2 o  7-12 LT MgO/Hg 555

8079 PSNH52
0

7009-71 2 3/30/07 13:00 l  sh ESP 1 1 LT MgO/Hg 87

8080 PSNH52
1

7009-71 2 3/30/07 13:00 l  sh ESP 1 2 LT MgO/Hg 73

8081 PSNH52
2

7009-71 2 3/30/07 13:00 l  sh ESP 1 3 LT MgO/Hg 63

8082 PSNH52
3

7009-71 2 3/30/07 13:00 l  sh ESP 1 4 LT MgO/Hg 67

8083 PSNH52
4

7009-71 2 3/30/07 13:00 l  sh ESP1 B
(co posite)

LT MgO/Hg 94

8084 PSNH52
5

7009-71 2 3/30/07 13:00 l  sh ESP1 
(co posite)

LT MgO/Hg 88

8085 PSNH52
6

7009-71 2 3/30/07 13:30 l  sh ESP 2 o  1-6 LT MgO/Hg 3570

8086 PSNH52
7

7009-71 2 3/30/07 13:30 l  sh ESP 2 o  7-12 LT MgO/Hg 2330

8087 PSNH52
8

7009-71 2 3/31/07 13:00 l  sh ESP 1 1 LT MgO/Hg 64

8088 PSNH52
9

7009-71 2 3/31/07 13:00 l  sh ESP 1 2 LT MgO/Hg 64

8089 PSNH53
0

7009-71 2 3/31/07 13:00 l  sh ESP 1 3 LT MgO/Hg 58

8090 PSNH53
1

7009-71 2 3/31/07 13:00 l  sh ESP 1 4 LT MgO/Hg 57

8091 PSNH53
2

7009-71 2 3/31/07 13:00 l  sh ESP1 B
(co posite)

LT MgO/Hg 84

8092 PSNH53
3

7009-71 2 3/31/07 13:00 l  sh ESP1 
(co posite)

LT MgO/Hg 48
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8093 PSNH53
4

7009-71 2 3/31/07 13:30 l  sh ESP 2 o  1-6 LT MgO/Hg 3870

8094 PSNH53
5

7009-71 2 3/31/07 13:30 l  sh ESP 2 o  7-12 LT MgO/Hg 4140

8099 PSNH55
0

7009-71 2 4/2/07 13:00 l  sh ESP 1 1 LT MgO/Hg 64

8100 PSNH55
1

7009-71 2 4/2/07 13:00 l  sh ESP 1 2 LT MgO/Hg 67

8101 PSNH55
2

7009-71 2 4/2/07 13:00 l  sh ESP 1 3 LT MgO/Hg 52

8102 PSNH55
3

7009-71 2 4/2/07 13:00 l  sh ESP 1 4 LT MgO/Hg 54

8103 PSNH55
4

7009-71 2 4/2/07 13:00 l  sh ESP1 B
(co posite)

LT MgO/Hg 89

8104 PSNH55
5

7009-71 2 4/2/07 13:00 l  sh ESP1 
(co posite)

LT MgO/Hg 102

8105 PSNH55
6

7009-71 2 4/2/07 13:00 l  sh ESP 2 o  1-6 LT MgO/Hg 4100

8106 PSNH55
7

7009-71 2 4/2/07 13:00 l  sh ESP 2 o  7-12 LT MgO/Hg 5260

8107 PSNH55
8

7009-71 2 4/3/07 13:00 l  sh ESP1 
(co posite)

LT MgO/Hg 52

8108 PSNH55
9

7009-71 2 4/3/07 13:00 l  sh ESP1 B
(co posite)

LT MgO/Hg 72

8150 PSNH60
1

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 1 0.03 3.47 <10

8151 PSNH60
2

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 2 0.01 3.49 <10

8152 PSNH60
3

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 3 0 3.44 <10

8153 PSNH60
4

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 4 0.01 3.37 20

8154 PSNH60
5

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 5 0 3.78 16

8155 PSNH60
6

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 6 0 3.3 10

8156 PSNH60
7

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 7 0 3.09 20

8157 PSNH60
8

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 8 0 3.21 15

8158 PSNH60
9

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 9 0.02 3.31 43

8159 PSNH61
0

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 10 0.1 4.77 49

8160 PSNH61
1

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 11 0.06 4.31 11

8161 PSNH61
2

7009-71 2 4/10/07 0:00 l  sh Original ESP Hopper 12 0 2.93 14

8162 PSNH61
3

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 1 0.1 5.67 361

8163 PSNH61
4

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 2 0 5.3 109

8164 PSNH61
5

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 3 0 6.24 113

8165 PSNH61
6

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 4 0 6.12 94

8166 PSNH61
7

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 5 0 7.02 164

8167 PSNH61
8

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 6 0 7.78 95

8168 PSNH61
9

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 7 0 8.54 287

8169 PSNH62
0

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 8 0 9.79 372

8170 PSNH62
1

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 9 0.02 11.32 839

8171 PSNH62
2

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 10 0 10.77 211

8172 PSNH62
3

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 11 0 9.96 370

8173 PSNH62
4

7009-71 2 4/10/07 0:00 l  sh Sup ESP Hopper 12 0 5.18 <10

9461 PSNH63
5

7009-71 2 4/10/07 14:00 l  sh Unit 2 Ol  HB1673 0.06 3.32 16

9462 PSNH63
6

7009-71 2 4/10/07 14:00 l  sh Unit 2 Ol  B HB1673 0.11 3.15 17

9463 PSNH63
7

7009-71 2 4/10/07 14:00 l  sh Unit 2 Ol  HB1673 0.1 3.17 14

9464 PSNH63
8

7009-71 2 4/10/07 14:00 l  sh Unit 2 Ne  1 HB1673 0 6.03 112

9465 PSNH63
9

7009-71 2 4/10/07 14:00 l  sh Unit 2 Ne  2 HB1673 0 8.96 254
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9467 PSNH66
1

7009-71 2 6/5/07 13:00 l  sh Unit 2 Ol  HB1673 0.01 5.21 17

9468 PSNH66
2

7009-71 2 6/5/07 13:00 l  sh Unit 2 Ol  B HB1673 0 2.05 10

9469 PSNH66
3

7009-71 2 6/5/07 13:00 l  sh Unit 2 Ol  HB1673 0 7.66 21

9470 PSNH66
4

7009-71 2 6/5/07 13:00 l  sh Unit 2 Ne  1 HB1673 0 6.38 42

9471 PSNH66
5

7009-71 2 6/5/07 13:00 l  sh Unit 2 Ne  2 HB1673 0.68 11.2 156

11943 PSNH73
5

7009-71 2 12/5/07 8:00 l  sh ESP 2 o  1-6 0.53 32.63

11944 PSNH73
6

7009-71 2 12/5/07 0:00 l  sh ESP1 
(co posite)

0.09 11.84

11945 PSNH73
7

7009-71 2 12/5/07 0:00 l  sh ESP1 B
(co posite)

0.15 12.27

11946 PSNH73
8

7009-71 2 12/5/07 0:00 l  sh ESP1 
(co posite)

0.19 16.38

11947 PSNH73
9

7009-71 2 12/5/07 8:00 l  sh ESP 2 o  7-12 0.64 25.95

11963 PSNH75
5

7009-71 2 12/4/07 8:00 l  sh ESP 2 Hoppers  
7-12

0.68 22.25

11964 PSNH75
6

7009-71 2 12/3/07 8:00 l  sh ESP 2 Hoppers1-
6

0.44 36.26

11965 PSNH75
7

7009-71 2 12/4/07 8:00 l  sh ESP 2 Hoppers1-
6

0.82 37.45

11968 PSNH76
0

7009-71 2 12/4/07 9:15 l  sh ESP1 
(co posite)

0.24 12.13

11969 PSNH76
1

7009-71 2 12/3/07 0:00 l  sh ESP1 
(co posite)

0.28 11.75

11970 PSNH76
2

7009-71 2 12/3/07 0:00 l  sh ESP1 B
(co posite)

0.31 14.24

11972 PSNH76
4

7009-71 2 12/4/07 9:00 l  sh ESP1 B
(co posite)

0.23 13.72

11973 PSNH76
5

7009-71 2 12/3/07 0:00 l  sh ESP1 
(co posite)

0.35 21.45

11974 PSNH76
6

7009-71 2 12/3/07 8:00 l  sh ESP 2 Hoppers  
7-12

0.6 26.77

11975 PSNH76
7

7009-71 2 12/4/07 9:30 l  sh ESP1 
(co posite)

0.25 16.5

11983 PSNH77
5

7009-71 2 12/6/07 8:40 l  sh ESP1 B
(co posite)

0.32 12.69

11987 PSNH77
9

7009-71 2 12/6/07 8:40 l  sh ESP1 
(co posite)

0.12 16.68

11988 PSNH78
0

7009-71 2 12/6/07 8:40 l  sh ESP1 
(co posite)

0.17 21.06

12003 PSNH79
5

7009-71 2 12/7/07 8:45 l  sh ESP1 Hopper -
2

0.15 12.78

12007 PSNH79
9

7009-71 2 3/13/08 13:20 l  sh ESP1 
(co posite)

0.12 22.6 88

12008 PSNH80
0

7009-71 2 12/11/07 8:30 l  sh ESP1 Hopper -
4

0.13 9.18

12011 PSNH80
3

7009-71 2 12/6/07 8:17 l  sh ESP 2 Hoppers1-
6

0.52 34.23

12012 PSNH80
4

7009-71 2 3/13/08 13:20 l  sh ESP1 
(co posite)

0.09 25.21 203

12013 PSNH80
5

7009-71 2 3/13/08 13:20 l  sh ESP1 B
(co posite)

0.09 21.59 134

12014 PSNH80
6

7009-71 2 12/6/07 8:17 l  sh ESP 2 Hoppers  
7-12

0.96 34.52

12015 PSNH80
7

7009-71 2 12/7/07 9:45 l  sh ESP1 
(co posite)

0.18 18.84

12016 PSNH80
8

7009-71 2 12/7/07 9:30 l  sh ESP1 
(co posite)

0.21 10.98

12017 PSNH80
9

7009-71 2 3/13/08 13:55 l  sh ESP 2 Hoppers  
7-12

0.4 36.72 586

12018 PSNH81
0

7009-71 2 12/7/07 9:30 l  sh ESP1 B
(co posite)

0.24 12.98

12019 PSNH81
1

7009-71 2 12/7/07 9:30 l  sh ESP1 Hopper -
4

0.17 10.82

12022 PSNH81
4

7009-71 2 3/13/08 13:55 l  sh ESP 2 Hoppers1-
6

0.2 53.14 513

12023 PSNH81
5

7009-71 2 12/11/07 8:30 l  sh ESP1 
(co posite)

0.12 17.55

12033 PSNH82
5

7009-71 2 12/7/07 8:00 l  sh ESP 2 Hoppers  
7-12

1.09 36.62

12034 PSNH82
6

7009-71 2 12/10/07 8:30 l  sh ESP1 
(co posite)

0.14 27.13

12035 PSNH82
7

7009-71 2 12/7/07 9:30 l  sh ESP1 Hopper -
3

0.1 12.51

12036 PSNH82
8

7009-71 2 12/11/07 8:30 l  sh ESP1 Hopper -
2

0.12 10.57
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12037 PSNH82
9

7009-71 2 12/10/07 9:45 l  sh ESP 2 Hoppers1-
6

0.34 43.96

12041 PSNH83
3

7009-71 2 12/7/07 9:30 l  sh ESP1 Hopper -
1

0.17 14.39

12043 PSNH83
5

7009-71 2 12/11/07 8:30 l  sh ESP1 Hopper -
1

0.09 14.73

12044 PSNH83
6

7009-71 2 12/11/07 8:30 l  sh ESP1 B
(co posite)

0.1 10.34

12047 PSNH83
9

7009-71 2 12/10/07 8:30 l  sh ESP1 
(co posite)

0.05 15.35

12049 PSNH84
1

7009-71 2 12/10/07 9:45 l  sh ESP 2 Hoppers  
7-12

1.11 47.32

12050 PSNH84
2

7009-71 2 12/11/07 8:30 l  sh ESP1 
(co posite)

0.02 10.09

12052 PSNH84
4

7009-71 2 12/7/07 8:00 l  sh ESP 2 Hoppers1-
6

0.56 40.3

12060 PSNH85
2

7009-71 2 12/11/07 8:45 l  sh ESP 2 Hoppers  
7-12

1.06 44.64

12061 PSNH85
3

7009-71 2 12/11/07 8:30 l  sh ESP1 Hopper -
3

0.09 13.23

12063 PSNH85
5

7009-71 2 12/11/07 8:45 l  sh ESP 2 Hoppers1-
6

0.26 41.1

12065 PSNH85
7

7009-71 2 12/12/07 8:30 l  sh ESP1 
(co posite)

0.34 11.59

12066 PSNH85
8

7009-71 2 12/12/07 8:30 l  sh ESP1 
(co posite)

0.28 15.82

12068 PSNH86
0

7009-71 2 12/12/07 10:00 l  sh ESP 2 Hoppers1-
6

0.58 40.94

12070 PSNH86
2

7009-71 2 12/12/07 8:30 l  sh ESP1 B
(co posite)

0.19 13.43

12074 PSNH86
6

7009-71 2 12/12/07 10:00 l  sh ESP 2 Hoppers  
7-12

1.34 44.81

12208 PSNH94
0

7009-71 2 3/14/08 14:30 l  sh ESP1 
(co posite)

0.17 25.14 228

12209 PSNH94
1

7009-71 2 3/14/08 14:30 l  sh ESP1 
(co posite)

0.13 23.71 99

12210 PSNH94
2

7009-71 2 3/14/08 14:30 l  sh ESP1 B
(co posite)

0.14 22.58 183

12211 PSNH94
3

7009-71 2 3/14/08 14:30 l  sh ESP 2 Hoppers  
7-12

0.31 56.22 2400

12212 PSNH94
4

7009-71 2 3/14/08 14:30 l  sh ESP 2 0.24 55.78 1850

12213 PSNH94
5

7009-71 2 3/26/08 0:00 l  sh ESP1 
(co posite)

0.09 15.44 68

12214 PSNH94
6

7009-71 2 3/26/08 0:00 l  sh ESP1 B
(co posite)

0.11 14.36 132

12215 PSNH94
7

7009-71 2 3/26/08 0:00 l  sh ESP 2 0.1 40.98 5490

12216 PSNH94
8

7009-71 2 3/26/08 0:00 l  sh ESP1 
(co posite)

0.09 22.6 193

12217 PSNH94
9

7009-71 2 3/26/08 0:00 l  sh ESP 2 B 0.72 44.7 9230

12218 PSNH95
0

7009-71 2 3/27/08 10:30 l  sh ESP2  
(co posite)

0.03 45.22 6040

12219 PSNH95
1

7009-71 2 3/28/08 0:00 l  sh ESP1 
(co posite)

0.05 23.2 274

12220 PSNH95
2

7009-71 2 3/28/08 0:00 l  sh ESP1 
(co posite)

0.04 18.67 83

12221 PSNH95
3

7009-71 2 3/27/08 10:00 l  sh ESP2 B 
(co posite)

0.06 18.54 153

12222 PSNH95
4

7009-71 2 3/27/08 10:00 l  sh ESP1 
(co posite)

0.02 24.48 280

12223 PSNH95
5

7009-71 2 3/27/08 10:00 l  sh ESP1 
(co posite)

0.02 16.62 81

12224 PSNH95
6

7009-71 2 3/27/08 10:30 l  sh ESP 2 Hoppers  
7-12

1.22 50.17 10800

12230 PSNH96
2

7009-71 2 3/28/08 0:00 l  sh ESP1 B
(co posite)

0.13 17.57 175

12231 PSNH96
3

7009-71 2 3/28/08 8:15 l  sh ESP2 B 
(co posite)

0.81 47.47 10200

12232 PSNH96
4

7009-71 2 3/28/08 8:15 l  sh ESP2  
(co posite)

0.23 45.7 7850
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Mercur

ADA ID Field ID Project Unit Date Type Location Comments % H2O
Hg 

(ng/g as rec)
Hg 

(ng/g dry)

5531 M 24 7009-71 2 4/13/06 0:00 oal o posite  o posite o  M  2  
M  3  M  4

74.3

6544 PSNH84 7009-71 10/5/06 0:00 oal oal Bunker Baseline - PM Bunker1-2 0.4 86.2 86.5

6786 PSNH15
9

7009-71 10/14/06 0:00 oal oal Bunker MgO Inj  o posite 
Sa ple

0.7 91.1 91.7

6788 PSNH16
1

7009-71 10/16/06 0:00 oal oal Bunker MgO Inj  o posite 
Sa ple

0 72.3

6814 PSNH18
7

7009-71 10/19/06 12:00 oal oal Bunker M an  PM unker 
co posite

0.3 62 62.2

6945 PSNH25
4

7009-71 10/31/06 9:00 oal oal Bunker S ste  2 0 103

7443 PSNH35
5

7009-71 1/10/07 12:00 oal oal Bunker S ste  2 61.4

7444 PSNH35
6

7009-71 1/11/07 21:00 oal oal Bunker S ste  2 87.8

7459 PSNH37
1

7009-71 1/12/07 12:00 oal oal Bunker S ste  2 0 73.2

7594 PSNH40
3

7009-71 1/30/07 0:00 oal Unit 1 M BL - project 06-8042 130

7595 PSNH40
4

7009-71 1/30/07 0:00 oal Unit 1 PM BL - project 06-8042 143

7596 PSNH40
5

7009-71 1/30/07 0:00 oal Unit 2 M BL - project 06-8042 118

7597 PSNH40
6

7009-71 1/30/07 0:00 oal Unit 2 PM BL - project 06-8042 168

7598 PSNH40
7

7009-71 1/31/07 0:00 oal Unit 1 M BL - project 06-8042 120

7599 PSNH40
8

7009-71 1/31/07 0:00 oal Unit 1 PM BL - project 06-8042 133

7600 PSNH40
9

7009-71 1/31/07 0:00 oal Unit 2 M BL - project 06-8042 174

7601 PSNH41
0

7009-71 1/31/07 0:00 oal Unit 2 PM BL - project 06-8042 130

7631 PSNH41
2

7009-71 2 2/15/07 0:00 oal Bunker LH/90MgO 78.9

7632 PSNH41
3

7009-71 2 2/16/07 0:00 oal Bunker L/30MgO - M collection 86

7861 PSNH47
2

7009-71 1 2/21/07 14:00 oal Unit 1 M29 76.2

7872 PSNH48
3

7009-71 1 2/22/07 13:30 oal Unit 1 M29 134

7889 PSNH50
0

7009-71 1 2/6/07 3:00 oal U1 Mk1 M M29 96.5

7890 PSNH50
1

7009-71 2 1/28/07 0:00 oal U2 S s2 M M29 70.5

7891 PSNH50
2

7009-71 2 1/28/07 12:00 oal U2 S s2 PM M29 63.1

7892 PSNH50
3

7009-71 2 1/29/07 0:00 oal U2 S s2 M M29 91.3

7893 PSNH50
4

7009-71 2 1/29/07 12:00 oal U2 S s2 PM M29 88

7900 PSNH50
5

7009-71 1 1/29/07 0:00 oal U1 S s2 M M29 207

7901 PSNH50
6

7009-71 1 1/29/07 12:00 oal U1 S s1 M M29 123

8120 PSNH57
1

7009-71 2 2/28/07 13:00 oal oal Bunker 0 93.9

8123 PSNH57
4

7009-71 2 3/29/07 13:00 oal oal Bunker LT MgO/Hg 0 87.7

8126 PSNH57
7

7009-71 2 4/1/07 13:00 oal oal Bunker LT MgO/Hg 0 88.8

8144 PSNH59
5

7009-71 1 4/10/07 0:00 oal oal Bunker unit 1 M 0 103

8145 PSNH59
6

7009-71 1 4/10/07 0:00 oal oal Bunker unit 1 PM 0 71.7

8146 PSNH59
7

7009-71 2 4/10/07 0:00 oal oal Bunker unit 2 M 0 103

8147 PSNH59
8

7009-71 2 4/10/07 0:00 oal oal Bunker unit 2 PM 0 77.1

8148 PSNH59
9

7009-71 2 4/12/07 0:00 oal oal Bunker ail 0 63.7

8149 PSNH60
0

7009-71 2 4/13/07 0:00 oal oal Bunker ail 0 66.6

9452 PSNH62
6

7009-71 2 4/10/07 2:00 oal Unit 2 M HB1673 0.9 79

9453 PSNH62
7

7009-71 1 4/11/07 2:00 oal Unit 1 M HB1673 0.8 93.9

9454 PSNH62
8

7009-71 1 5/2/07 14:00 oal Unit 1 PM HB1673 0.6 67.4

9455 PSNH62
9

7009-71 1 5/30/07 2:00 oal Unit 1 M HB1673 0.7 74.2
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Mercur

ADA ID Field ID Project Unit Date Type Location Comments % H2O
Hg 

(ng/g as rec)
Hg 

(ng/g dry)

9456 PSNH63
0

7009-71 1 5/30/07 14:00 oal Unit 1 PM HB1673 0.8 71.4

9457 PSNH63
1

7009-71 1 5/31/07 2:00 oal Unit 1 M HB1673 0.8 78

9458 PSNH63
2

7009-71 2 6/4/07 2:00 oal Unit 2 M HB1673 0.7 104

9459 PSNH63
3

7009-71 2 6/5/07 2:00 oal Unit 2 M HB1673 0.9 117

9460 PSNH63
4

7009-71 2 6/4/07 14:00 oal Unit 2 PM HB1673 0.7 117

9466 PSNH66
0

7009-71 2 6/5/07 2:00 oal Unit 2 M HB1673 0.8 119

12195 PSNH92
7

7009-71 2 3/12/08 0:00 oal PM Bunker 61.2

12199 PSNH93
1

7009-71 2 3/13/08 0:00 oal Bunker 67.3

12207 PSNH93
9

7009-71 2 3/27/08 0:00 oal Bunker 89.2

12331 7009-71 2 3/28/08 0:00 oal oal Bunker 68.2
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Halogens

ADA ID Field ID Project Unit Date Type Location Comments
Cl Dry
(ug/g) l D

5531 M 24 7009-71 2 4/13/06 0:00 oal o posite  o posite o  M  2  
M  3  M  4

752.95 741.5

6544 PSNH84 7009-71 10/5/06 0:00 oal oal Bunker Baseline - PM Bunker1-2 758 750.8

7443 PSNH35
5

7009-71 1/10/07 12:00 oal oal Bunker S ste  2 675 665

12195 PSNH92
7

7009-71 2 3/12/08 0:00 oal PM Bunker 766 758

12199 PSNH93
1

7009-71 2 3/13/08 0:00 oal Bunker 827 816

12207 PSNH93
9

7009-71 2 3/27/08 0:00 oal Bunker 839 829

12331 7009-71 2 3/28/08 0:00 oal oal Bunker 803 793
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Introduction 
As part of the mercury control technology demonstration program at Merrimack Unit 2, 
sorbents to reduce SO3 in the flue gas have been injected during injection of activated 
carbon.  Previous work with activated carbon injection at coal-fired power plants has 
shown that the ability of activated carbon to adsorb mercury depends on both the 
temperature of the flue gas and on the SO3 concentration in the flue gas.  Increasing the 
concentration of SO3 in the flue gas can decrease the effectiveness of activated carbon 
sorbents for mercury removal. 

Alkaline sorbents have been used at coal-fired power plants to reduce concentrations of 
SO3 in the flue gas, particularly for plants burning high- or medium-sulfur bituminous 
coals or plants with SCRs.  Trona (sodium sesquicarbonate), magnesium oxide, 
magnesium hydroxide, hydrated lime, and sodium bisulfate (SBS) have all been injected 
at various locations in boilers with the objective or reducing SO3 emissions.   

Even though Merrimack does not burn a high-sulfur coal, the SO3 downstream of the air 
preheater can be high because of the SCR.  Two alkaline sorbents (trona and MgO) were 
injected with the intent of reducing SO3 and improving the performance of activated 
carbon for Hg removal.  The primary objective of the alkaline sorbent injection was to 
improve Hg capture by activated carbon.  However, reduction of SO3 could provide a co-
benefit to the plant, by allowing the air preheater to operate with a lower cold-end 
average (CEA) temperature, which would result in an increase in overall efficiency and 
which could reduce sulfuric acid corrosion at cold spots.  Injection of the sorbents might 
affect the collection efficiency and operation of the ESPs, however. 

A program was undertaken to quantify the effects of alkaline sorbents on SO3 
concentrations in the flue gas as well as on the operation of the ESPs.  These results are 
summarized here.  The impact of alkaline sorbents on the effectiveness of activated 
carbon for mercury removal at Merrimack Unit 2 has been discussed elsewhere in the 
final report and will not be discussed here. 
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Effect of Alkaline Sorbents on SO3 in Flue Gas  
Figure 1 illustrates the points in the boiler at which sorbent for controlling SO3, either 
MgO or trona, or activated carbon (AC) was injected.   

In 2006, E.ON Engineering used a manual sampling method to measure vapor-phase SO3 
at Unit 2.  E.ON Engineering used a modified Controlled Condensation Method, similar 
to EPA Method 8A, except that the impingers for measuring SO2 were not used, the dry 
gas meter was replaced by a wet gas meter, and an ESP was used instead of a quartz 
filter.  The modifications were made to allow measurement in wet stacks or where 
reactive (alkaline) ashes might be present in the flue gas.  E.ON Engineering used a 
heated, tubular ESP and claimed that any sulfuric-acid aerosols in the flue gas would 
evaporate in the ESP and enter the impingers as gaseous SO3.  The impinger was 
analyzed for SO3, which was reported on a dry basis at 3% O2.  Appendix A contains 
details of the measurement system. 

  

Dewpoint measurement
E.ON Manual SO3 measurement

Trona/Mgo Injection
AC Injection

       SCR

   APH

ESP 1 ESP 2
        

 
 
Figure 1.  Sorbent injection and SO3 measurement locations. 

 

In 2008, Platt Environmental Services made measurements of SO3 in the flue gas on Unit 
2 during trona injection.  Measurement locations included SCR inlet, SCR outlet, air 
preheater outlet, ESP 1 outlet and ESP 2 outlet. 

Platt Environmental Services used the Consol Controlled Condensate Method to measure 
SO3 and SO2.  The flue gas passed through a hot, water-cooled condenser (140oF) loosely 
packed with quartz wool, and then through impingers in series that removed SO2 and 
subsequently SO3.   The quartz wool in the condenser was rinsed and analyzed for SO3 
(particulate SO3).  Gaseous SO3 was obtained from analyzing the impinger.  The flue gas 
O2 concentration was not recorded, nor was the flue gas temperature.  The measured SO3 
was reported on a dry basis at actual O2 concentration.  Appendix B contains details of 
the measurement system. 
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In 2006 and 2007, Breen Energy Systems installed a modified dewpoint meter (AbSensor 
SO3), which records both the initial condensation temperature and the evaporation 
temperature of condensable vapors in the in the flue gas; these temperatures can be 
related to the SO3 concentration in the flue gas. 

Table 1 reproduces the averaged SO3 concentrations as reported by E.ON during baseline 
testing (October 2, 2006) and injection of trona (October 31, 2006 and November 1, 
2006).  The baseline SO3 concentration between the two ESPs (ESP 1 outlet) was in the 
range of 15 to 20 ppmv SO3 (dry, at 3% O2).  Injection of 500 lb/hr of trona reduced the 
SO3 concentration between the two ESPs to 7-10 ppmv SO3 (dry, at 3% O2).  The CEA 
was able to be reduced with trona injection, which resulted in a 20oF lower stack 
temperature.  However, the lower flue gas temperature did not result in a significant 
decrease in SO3 downstream of the air preheater. 
Table 1.  Average SO3 concentrations measured by modified Controlled Condensation Method in 
2006. 
 

Date Location 
Average 
Temp. oF 

No. of 
Tests 

Avg. SO3, 
dry, ppmv 
at 3% O2 Comments 

10/2/06 APH outlet 344 12 12.9 Baseline 
10/2/06 ESP 1 outlet 331 7 15.2 Baseline 
10/2/06 ESP 2 outlet 327 7 13.9 Baseline 
10/31/06 ESP 1 outlet -- 3 14.8 Baseline 

10/31/06 ESP 1 outlet 334* 3 10.2 
500 lb/hr trona, normal 

CEA temperature 

11/1/06 ESP 1 outlet 326* 4 7.3 
500 lb/hr trona, normal 

temperature 

11/1/06 ESP 1 outlet 313* 2 8.8 
500 lb/hr trona, lower 

CEA temperature 

11/1/06 ESP 1 outlet 315* 6 8.5 
625 lb/hr trona, lower 

CEA temperature 
11/1/06 ESP 1 outlet 333* 2 20.2 Baseline 

*Stack temperature 

Table 2 shows the averaged SO3 concentrations as reported by Platt Environmental 
Services during trona injection on March 26, 27 and 28, 2008).  Activated carbon was 
also being injected between ESP 1 and ESP 2 during this time at a rate of 5 lb/MMacf.  
The load on Unit 2 was kept steady at 335 MW during this time.  The average 
temperature at the air preheater exit was 334oF, which is similar to the “normal” CEA 
stack temperature for the 2006 SO3 measurements shown in Table 1.   

The sum of the particulate and gaseous SO3 is reported in the table, averaged for each 
run.  These results cannot be compared quantitatively to those in Table 2 becasue the 
concentrations in Table 2 have not been corrected for the O2 content of the flue gas and 
because there are no reported data on coal sulfur content for 2006 or 2008.   
Qualitatively, however the impact of trona injection on SO3 is similar in both sets of 
measurements.  During the 2008 manual SO3 sampling measurements, trona injection at 
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500 lb/hr resulted in SO3 concentrations downstream of the air preheater of 9-10 ppmv 
(dry, at actual O2), while 1000 lb/hr of trona injection reduced the SO3 concentration to 5 
ppm SO3 (dry, actual O2). 

 
Table 2.  Average SO3 concentrations measured by Controlled Condensation Method in 2008. 
 

 

Figure 2 is a comparison between the E.ON manual method and the Breen dewpoint 
measurement, where measurements were taken simultaneously in 2006.  The SO3 
concentration has been calculated from an assumed water content in the flue gas of 7.6 
vol% using the standard formula.  Breen recommended using the average of the initial 
condensation (dewpoint or DP) temperature and the top temperature (or evaporation 
temperature).  This is shown in Figure 2, along with the SO3 concentration calculated 
only from the initial condensation temperature (at actual flue gas O2).  The SO3 
concentrations from the manual method fall in between the two concentrations calculated 
from the dewpoint data.  There appears to be a correlation between the methods with R2 
values of 0.85 and 0.83 for the initial dewpoint and the average dewpoint, respectively.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date Location 
No. of 
Tests 

Avg. SO3, 
dry, ppmv at 

actual O2 Comments 
3/28/2008 SCR inlet 3 16.4 500 lb/hr trona injection 
3/27/2008 SCR outlet 3 14.2 500 lb/hr trona injection 
3/27/2008 APH outlet 3 10.6 500 lb/hr trona injection 
3/26/2008 ESP 1 outlet 3 9.3 500 lb/hr trona injection 
3/26/2008 ESP 2 outlet 2 9.5 500 lb/hr trona injection 
3/28/2008 ESP 2 outlet 3 5.1 1,000 lb/hr trona injection 
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Figure 3 and Figure 4 show the time sequence of the SO3 concentration for baseline and 
trona injection, respectively.  The Breen instrument appeared responsive to trona 
injection (Figure 4). 
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Figure 2.  Comparison of manual and dewpoint SO3 concentration (at actual O2) measured at exit of 
new ESP. 
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Figure 5 shows the SO3 concentrations measured by the manual method in between the 
ESPs correlated with the trona injection rate in 2006.  Trona injection was carried out at 
both normal cold-end average temperature and reduced temperatures, corresponding to 
stack temperatures of about 333oF and 315oF, respectively.  Trona injection reduced the 
SO3 concentration by 50% at 500 lb/hr injection rate and by 64% at 625 lb/hr injection 
rate.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The Breen dewpoint SO3 measurement appeared well correlated with the manual method 
initially and responded to trona injection in the November 1, 2006 testing.  Subsequently, 
the instrument did not appear to respond to sorbent injection (November, 2006 and 
January, 2007, Figure 6 and Figure 7, respectively), nor did the calculated SO3 
concentration appear to be reasonable.  The dewpoint monitor may have become fouled 
with some of the alkaline sorbent.

Figure 5.  SO3 measured between ESPs (at 3% O2) as a function of trona injection rate. 
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Injection of MgO was carried out in October, 2006 and February, 2007.  Manual SO3 
measurements were not made during MgO injection.  During October, the Breen 
instrument showed a response to MgO injection (Figure 8), although the levels of SO3, 
both with and without sorbent injection, appeared to be unrealistically high.  During the 
February, 2007 testing of MgO injection (Figure 9), the Breen SO3 measurements did not 
appear to be accurate.  Injection of MgO lowered SO3 concentrations, although the data 
are not quantitative.   

 
 
 

Figure 8.  SO3 concentration (actual O2) during October, 2006 MgO injection. 
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Effect of Sorbents on ESP Performance and Opacity 
Addition of particles to the flue gas upstream of the ESPs can affect the performance of 
the ESPs and the resulting particulate emissions.  During the injection of both SO3 
remediation sorbents (trona, MgO) and activated carbon, the power levels of the ESPs 
and the stack opacity were measured.   

During MgO injection, stack opacity increased (Figure 10), although not consistently.  In 
the October, 2006 testing (up to 180 lb/hr) opacity increased from about 11% to about 
17% at normal cold-end average temperature (~333oF stack temperature), although there 
was considerable scatter in the opacity data.  Lowering the temperature (~315oF stack 
temperature) decreased the opacity at 180 lb/hr injection from about 17% to about 13%.  
In the February, 2007 testing, however, there was not a clear effect of MgO injection on 
opacity, and the opacity was lower overall than in the October, 2006 testing. 

 

 

Injection of trona, in contrast to MgO, had much less effect on stack opacity, as shown in 
Figure 11.  Opacity increased from about 11% to about 13% at a trona injection rate of 
625 lb/hr.  At 500 lb/hr there did not appear to be a significant impact on opacity.  There 
was little effect of temperature on the opacity during trona injection. 
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Figure 10.  Stack opacity as a function of MgO injection rate. 
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On October 11, 2006 half of an inlet ESP section in ESP 1 was taken out of service due to 
a high ash hopper level, which depowered one quarter of the inlet row.  The section was 
repowered on December 18, 2006.  All sections were in service during the February MgO 
injection.  The plant noted that the inlet row of ESP 1 had a more significant impact on 
opacity than any other rows.  That was most likely the reason for the higher impact to 
opacity from MgO injection in October and trona injection in November, 2006, as 
compared to January and February, 2007.   

Activated carbon injection could also have an effect on opacity, since carbon particles 
can be difficult to collect.  Figure 12 shows that at normal stack temperatures, both Darco 
Hg-LH and Darco E-26 injection resulted in increases in opacity.  Injection of Darco E-
26 at lower temperature, however, had little impact on opacity.  Injection of Darco Hg-
LH upstream of the air preheater did not result in a significant increase in opacity, 
presumably because most of the carbon was caught in ESP 1, thus reducing the added 
burden on ESP 2. 

Figure 11.  Stack opacity as a function of trona injection rate. 
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Summary 
 Initially, the Breen dewpoint monitor gave real-time SO3 readings that 

corresponded well with the manual measurement of SO3 made by E.ON 
Engineering (with and without trona injection).  However, over time the 
instrument did not produce SO3 measurements that appeared to respond to SO3 
sorbent injection.  Contamination from the injected alkaline sorbents. 

 Uncontrolled SO3 levels in between the two ESPs were in the range of 15 to 20 
ppmv (dry, 3% O2).  Injection of 500 lb/hr of trona reduced the SO3 concentration 
by 50% to 7 to 10 ppmv.  Injection of trona at a rate of 1000 lb/hr decreased the 
SO3 concentration downstream of the air preheater further to about 5 ppmv.   

 Injection of MgO appeared (qualitatively) to reduce SO3 concentrations 
downstream of the air preheater. 

 Injection of MgO at 180 lb/hr increased opacity from about 11% to about 17% at 
normal temperatures.  When the cold-end average temperature was reduced, 
giving a stack temperature of 315oF, the opacity decreased to about 13% at 180 
lb/hr. 

 Injection of trona at 500 lb/hr did not have a noticeable impact on opacity; at 625 
lb/hr, there was a slight increase. 

 Injection of activated carbon between the two ESPs at normal temperatures 
increased the stack opacity.  Reduced flue gas temperature or injection of 
activated carbon upstream of the air preheater did not produce a noticeable impact 
on opacity.
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Figure 12.  Stack opacity as a function of activated carbon injection rate. 
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1 Task description 

Public Service of New Hampshire (PSNH) operates two coal fired boilers with cyclone burners  

(Unit 1: 120 MW and Unit: 2: 330 MW) at Merrimack Station which is located in Bow,  

New Hampshire. ADA-ES, Inc. carries out a comprehensive research program for mercury mitigation 

at Merrimack Station and, in this context, was interested in the behaviour of sulphur trioxide (SO3) 

along the flue gas path from the air heater outlet to the stack. For this reason E.ON Engineering 

GmbH was commissioned to carry out SO3 baseline testing and SO3 testing during sorbent injection at 

Merrimack Station, Unit 2. 

2 Test schedule, SO3 measurement locations 

All the tests were performed at full load (332 MWgross) when firing fuel blends of various low and mid 

sulfur coals. Unit 2 is equipped with a tubular heat exchanger (air heater) and soot blowers are not 

installed. The following test locations and measuring points for SO3 testing were agreed: 

For baseline testing (October 02-03, 2006): 

- Air heater outlet, North and South):  Two ducts, three ports, 1 point deep (ca. 1.8 m, 5.9 ft) 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

- Downstream ESP II, upstream stack: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

For testing during sorbent injection (October 31 and November 01, 2006): 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

At the sampling location "air heater outlet" flue gas temperatures at the different sampling ports were 

provided by the client. It was agreed upon that SO3 sampling was performed on three ports with 

highest, lowest and medium average temperatures along the measured points. The temperature profile 

of the ducts at air heater outlet is given in Annex 1. 

A graphical representation of all test locations is given in Figures 1 and 2. 
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Figure 1: Scheme of Merrimack Station, Unit 2, and location of sampling ports used for SO3
sampling 

Figure 2: Sampling ports at air heater outlet (used ports in black) and average flue gas temperatures 
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3 Measuring and Analytical Methods 

3.1 Measuring Parameter: Sulphur Trioxide (SO3) 

Measuring Method: (Modified) Controlled Condensation Method 

The Controlled Condensation Method (VGB Method 4.5.2) was designed to measure the vapour phase 
of SO3 by condensation as H2SO4 under controlled gas conditions, eliminating the potential for 
interference with sulphur dioxide. This method was applied during baseline testing. 

The Controlled Condensation Method has been modified by E.ON Engineering for determining 
sulphuric acid emissions downstream of wet scrubbers or at wet stacks of coal fired power stations or 
where any alkaline ashes or sorbents are present in the flue gas which may react with the SO3 on the 
filter. Instead of the typically used quartz filter, the E.ON method utilizes a tubular electrostatic 
precipitator (ESP) to remove the ash particles to the side walls away from the gas stream. The 
sulphuric acid aerosols, if present, are evaporated in the ESP without intensive contact to fly ash 
particles. The high residence time of the gas stream within the heated ESP and the operation of the 
ESP at a temperature level significantly higher than the acid dew point ensure that only gaseous SO3 is 
entering the condenser. This Method was applied for testing during sorbent injection. 

Sampling Equipment: 

The following items were used for sample collection: 

Sampling Train: 
A schematic of the sampling train used is shown below in Figure 3. The schematic is similar to the 
Method 8A1 train (as used in the US) except that the impingers for SO2 determination are omitted and 
that - in case of the modified method - an electrostatic precipitator is used instead of the quartz filter. 
The dry gas meter was replaced by a wet gas meter eliminating the need for a silica gel drying tube.  

Quartz wool filter: 
Quartz tube with lateral inlet in direction of the flue gas flow and packed with quartz wool. The filter 
is heated by the flue gas (isothermal filter conditions). 

Probe liner: 
Quartz, straight tube approximately 10-mm inside diameter, with a heating element and a stainless 
steel jacket. The temperature of the probe is controlled by a thermocouple taped on the quartz tube 
insulated with glass wool. Probe temperature was set to 260 °C (500 °F). 

                                                
1 A Method from the National Council of the Paper Industry for Air and Stream Improvement
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Figure 3: Sulphuric Acid Sampling Train 

Electrostatic Precipitator (ESP): 
Tubular ESP heated up to 200 °C (392 °F).  
High voltage: 2 to 24 kV. Maximum flow rate: 70 l/min.  
View and schematic of the ESP is given in Figure 4.

The filter consists of an exchangeable tube with a removable precipitation foil and a spray electrode in 
the center. The filter is placed in a caloric isolated container. The heating is adjusted to 200 °C 
(392 °F). At a high voltage of 24 kV and a filter current of 0.5 mA the separation efficiency of the 
filter is > 99.5 % for a particle size of 0.1 to 10 μm.  

Figure 4: View and Schematic of the ESP 

        



B.-Unit:   PAU 
Name:  Dr. Mayer/Fe
Date:   12/20/2006�������������� Environmental Services   
Page:   7 of 17 
Phone:   +49-2096016284 
Fax:   +49-2096016403 ADA-ES, Merrimack Station, Unit #2  

SO3 Test Report - D R A F T - Report-No:  06-16-640285 

M
er

rim
ac

k,
 S

O
3 

Te
st

 R
ep

or
t.d

oc
 

H2SO4 Condenser: 
The condenser coil is made from borosilicate glass with 500 cm of 6 mm ID tubing. The condenser 
coil is placed in a water bath which is maintained at a temperature of 80-90 °C (175-195 °F). 

Metering System: 
This system consists of a vacuum gauge, leak-free pump, temperature sensors capable of measuring 
temperature to within 1 °C, wet gas meter (WGM) capable of measuring volume to within 2 percent, 
and related equipment, as shown in Figure 3.  

Sample Recovery 
After each sampling run, the condensation coil is removed from the water bath and cooled down to 
ambient air temperature. The condensation coil is then rinsed with deionised water in a volumetric 
flask. Multiple rinses are used for good washing. The volumetric flask is filled up with deionised 
water to exactly 200 ml. 

Sample Analysis 
With a graduated pipette a volume of 20 ml is taken from the volumetric flask (section 4.2.2.3) and 
transferred to a 250 ml Erlenmeyer flask. After adding 80 ml of 2-propanol (IPA) and 4 drops of 
Thorine as indicator the solution is titrated with barium-perchlorate. Based on the sampled gas volume 
and the titration test result, the sulphuric acid aerosol concentration present in the flue gas is 
calculated. 

Limit of Determination: 1 mg/m3 at a sample volume of 0.1 m3  

3.2 Measuring Parameter: Oxygen (O2) 

Oxygen was measured at the gas meter outlet of each SO3 sampling train.  

Analyzer: Manufacturer: M & C Company, Type: PMA 10

Measuring Range: 0 - 30 Vol.-% 

Analyzer Calibration: Calibration Gas: Air (20.9 Vol.-%) 

Limit of Determination: 0.1 Vol.-%  
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4 Test Conditions and Results 

4.1 Operating Conditions of the Plant during Testing 

Normally all SO3 tests were carried out during full load of the plant (321 MW gross). On October 3rd

2006 initially baseline testing at full load with reduced air heater outlet temperature was intended. 

However, due to transformer troubles, boiler load had to be reduced to 232 MW gross and therefore SO3

testing was performed at reduced load. Detailed plant data of the testing period 10/02/2006 - 

10/03/2006 are summarized in Annex 2. 

4.2 Testing Results 

Baseline Testing: 

The results of the baseline testing during full load operation without injection of SO3 sorbents at the 

three different sampling locations are summarized in Table 1. Detailed sampling and analysis data of 

each individual testing are documented in Annex 3. 

Table 1: Summarized Results of SO3 Baseline Testing* 

Date Location Average Flue Gas 
Temperature 

Number 
of Tests 

Average SO3
Concentration 

Comment 

  [°F]  [ppm at 3 % O2]  

10/02/2006 Air heater outlet 344 12 12.9 three ports (7, 10, 16)

10/02/2006 Inter ESP 331 7 15.2 one port 

10/02/2006 ESP II outlet 327 7 13.9 one port 

* Tests on October 03, 2006 at reduced load are not considered in this table 

Testing during Sorbent Injection: 

Summarized results of testing with sorbent injection on October 31st and November 1st, 2006 are 

presented in Table 2. Detailed sampling and analysis data of each individual testing are documented in 

Annex 4. 
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Table 2: Summarized Results of SO3 Testing at Sampling Location "Inter ESP"  
during Sorbent Injection 

Date Time Number 
of Tests 

Average SO3
Concentration 

Comment 

   [ppm at 3 % O2]  

10/31/2006 10:30-12:00 3 14.8 No injection 

10/31/2006 16:30-18:00 3 10.2 With injection* 

11/01/2006 10:10-10:40 2 8.8 Injection: 500 lb/h, drop temp. before pre-heater 

11/01/2006 11:15-14:10 6 8.5 Injection: 625 lb/h, drop temp. before pre-heater 

11/01/2006 14:55-16:15 4 7.3 Injection: 625 lb/h, normal temp. before pre-heater 

11/01/2006 17:15-17:55 2 20.2 No injection, drop temp. before pre-heater 

* One test without injection within this time period is not considered in these values. 

PAU/May-Fe 

12/20/2006 

 Hans-Joachim Dieckmann  Dr. Johannes Mayer 
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5 Annex 

Annex 1 Temperature Profile at Air Heater Outlet 

Annex 2 Plant Data of October 02-03, 2006 

Annex 3 Individual Results of SO3 Baseline Testing 

Annex 4 Individual Results of SO3 Testing during Sorbent Injection 
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Annex 1: Flue gas temperatures [°F] at air heater outlet, provided by the client  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

6 5/16 349 368 340 317  -  -  - 366

19 347 362 337 307 306  -  - 361

31 11/16 342 360 334 308 303 331 360 363

44 5/16 354 351 334 330 305 335 365 370

51 359 357 347 345 308 354 368 368

69 364 353 344 342 319 351 360 360

Average 352.5 358.5 339.3 324.8 308.2 342.8 363.3 364.7

Port no.
Duct North Duct South

D
ep

th
 [i

nc
he

s]

Date of measurement: 09/29/2006 
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Annex 2.1: Plant Data of October 02-03, 2006 
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Annex 2.2: Plant Data of October 02-03, 2006 (continued) 
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Annex 2.3: Plant Data of October 02-03, 2006 (continued) 
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Annex 3.1: Individual Results of SO3 Baseline Testing 

test period titration

V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:20-09:29 150 1022 23 5.1 136 1.15 9.5 10.8
09:55-10:03 150 1024 22 5.5 137 1.25 10.2 11.9
10:10-10:20 150 1024 22 5.2 137 1.25 10.2 11.6

average: 10.0 11.4
10:44-10:54 150 1024 24 8.8 136 0.85 7.0 10.4
11:00-11:09 150 1023 24 8.6 135 0.90 7.5 10.8
11:44-11:54 150 1023 23 8.5 136 0.90 7.4 10.7

average: 7.3 10.6
12:31-12:41 150 1023 21 3.0 137 1.90 15.5 15.5
14:20-14:30 150 1023 22 3.0 137 1.70 14.0 14.0
14:40-14:50 155 1023 21 3.0 142 1.80 14.2 14.2

average: 14.6 14.6
15:32-15:42 150 1025 23 4.5 137 1.60 13.1 14.3
16:27-16:38 205 1028 21 4.2 189 2.35 13.9 14.9
17:20-17:30 150 1020 19 4.5 138 1.70 13.8 15.1

average: 13.6 14.8
total 

average: 11.4 12.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:40-09:48 160 1019 23 4.6 145 1.60 12.4 13.6
10:45-10:53 165 1017 24 4.7 148 1.75 13.2 14.6
12:34-12:42 160 1017 24 4.7 143 1.85 14.5 16.0
15:12-15:20 160 1018 23 4.7 144 1.70 13.2 14.6
15:49-15:57 160 1018 24 4.7 143 1.65 12.9 14.2
16:25-16:33 160 1018 23 4.8 144 1.95 15.2 16.9
17:24-17:32 160 1017 23 4.6 144 1.95 15.2 16.7

average: 13.8 15.2

331 °F

331 °F

331 °F
331 °F
331 °F

port 7, 325 °F

331 °F

port 7, 325 °F

Table A3-2:  SO3 test results inter ESP, 10/02/2006 (all testing without ESP)

comment

331 °F

gas counter
3

(STP, dry)

ports 7, 10, 16

port 7, 325 °F

port 10, 308 °F
port 10, 308 °F

port 7, 325 °F

port 7, 325 °F

port 10, 308 °F

port 16, 365 °F

port 16, 365 °F
port 16, 365 °F

port 7, 325 °F, with ESP

port 7, 325 °F

port 16, 365 °F

SO3 concentration
(STP, dry)gas counter comment

Table A3-1:  SO3 test results at air heater outlet (ESP Inlet), 10/02/2006

port 7, 325 °F

port 10, 308 °F
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Annex 3.2: Individual Results of SO3 Baseline Testing (continued) 

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:20-10:28 160 1017 24 5.5 143 1.35 10.6 12.3
11:04-11:12 160 1017 24 5.6 143 1.45 11.3 13.3
12:10-12:18 160 1017 24 5.6 143 1.60 12.5 14.6
15:30-15:38 161 1018 24 5.6 145 1.40 10.8 12.7
16:09-16:17 160 1018 24 5.6 144 1.55 12.1 14.1
16:45-16:53 160 1018 23 5.6 144 1.60 12.5 14.6
17:06-17:14 160 1018 24 5.5 144 1.75 13.6 15.9

average: 11.9 13.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
08:35-08:45 150 1020 21 7.5 137 0.60 4.9 6.6
08:55-09:04 150 1020 21 7.5 137 0.65 5.3 7.1
09:55-10:10 200 1022 22 7.5 182 1.05 6.5 8.6
10:20-10:33 200 1022 22 7.5 182 1.00 6.2 8.2

average: 5.7 7.6

reduced load
reduced load

reduced load
reduced load

Table A3-4:  SO3 test results ESP II Outlet, 10/03/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment

327 °F
327 °F
327 °F

327 °F
327 °F
327 °F
327 °F

Table A3-3:  SO3 test results ESP II Outlet, 10/02/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment
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Annex 4.1: Individual Results of SO3 Testing during Sorbent Injection 

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
16:30-16:55 150 1017 22 5.7 136 1.10 9.1 10.7 with Injection
17:20-17:40 150 1014 22 5.6 135 1.00 8.3 9.7 with Injection
17:40 18:00 150 1013 22 5.6 135 1.05 8.7 10.2 with Injection

average: 8.7 10.2 with injection

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:10 - 10:30 150 1019 22 5.7 136 0.90 7.4 8.7
10:30 - 10:40 100 1017 22 5.8 90 0.60 7.4 8.8

average: 7.4 8.8
11:15 - 11:35 150 1014 22 5.7 135 0.85 7.0 8.3
11:35 - 11:55 150 1016 22 5.8 136 0.85 7.0 8.3
11:55 - 12:15 170 1016 22 5.6 154 0.95 6.9 8.1
12:15 - 12:35 150 1017 22 5.8 136 0.95 7.8 9.3
13:30 - 13:50 160 1019 22 5.6 145 0.95 7.3 8.6
13:50 - 14:10 150 1018 22 5.8 136 0.85 7.0 8.3

average: 7.2 8.5
14:55 - 15:15 160 1018 23 5.7 144 0.85 6.6 7.8
15:15 - 15:35 150 1017 23 5.8 135 0.80 6.6 7.9
15:35 - 15:55 150 1017 23 5.5 135 0.70 5.8 6.8
15:55 - 16:15 150 1019 23 5.7 135 0.70 5.8 6.8

average: 6.2 7.3
17:15 - 17:35 150 1018 23 5.7 135 2.05 17.0 20.0
17:35 - 17:55 150 1018 23 5.6 135 2.10 17.4 20.4

average: 17.2 20.2 normal. / 0 lb/h

drop temp. before pre-heater   
Injection = 500 lb/h

drop temp. before pre-heater   
Injection = 625 lb/h

normal temp.  before pre-heater 
Injection = 625 lb/h

normal temp.  before pre-heater
No injection

drop temp. / 500 lb/h

drop temp. / 625 lb/h

normal temp. / 625 lb/h

Table A4-2:  SO3 test results inter ESP, 11/01/2006 (all testing with ESP)
gas counter (STP, dry) comment

Table A4-1:  SO3 test results inter ESP, 10/31/2006 (all testing with ESP)

gas counter (STP, dry) comment
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Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

1.0 Introduction 
PLATT ENVIRONMENTAL SERVICES, INC. (PES) conducted a sulfuric acid 
mist emissions test program at the Public Service of New Hampshire (PSNH) 
Merrimack Generating Station on Unit 2 in Bow, New Hampshire on March 26 
and 28, 2008. This report summarizes the results of the test program and test 
methods used. 

The test locations, test parameters, test dates are summarized below. 

Test Overview 

Test Locations Test Parameter Test Dates 
Unit 2:  

SCR Inlet, SCR Outlet, Air 
Preheater Outlet, Primary ESP 
Outlet, Secondary ESP Outlet 

Sulfuric acid mist (SO3 as 
H2SO4)

March 26 through 28, 2008 

The identification of individuals associated with the test program is summarized 
below.

Location Address Contact 
Test
Coordinator 

ADA-ES, Inc. 
8100 South Park Way 
Unit B 
Littleton, Colorado, 80120 

Mr. Tom Campbell 
Manager, DOE Demonstrations 
303-734-1727 (phone) 
303-734-0330 (fax) 
tomc@adaes.com 

Testing
Company 
Representative 

Platt Environmental Services, Inc. 
371 Balm Court 
Wood Dale, Illinois 60191 

Mr. Eric L. Ehlers 
(630) 521-9400 (phone) 
eehlers@plattenv.com 

The test crew consisted of Messrs. L. Sorce and E. Ehlers of PES. 
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2.0 Executive Summary 
Selected results of the test program are summarized below, in Table 1. A 
complete summary of emission test results follows the narrative portion of this 
report.

Three test runs were performed at each of the below test locations with trona 
injection of 500 lbs/hr, and the supplementary ESP outlet was rerun with a trona 
injection rate of 1000 lbs/hr. 

Table 1 
Test Results 

Parameter Test Location Condition Particulate 
Phase 

Gaseous 
Phase 

Sulfuric Acid Mist (ppm 
SO3 as H2SO4)

Unit 2 SCR Inlet 500 lbs/hr 
trona injection 

rate

4.23 12.13 

Unit 2 SCR Outlet 5.71 8.52 

Unit 2 Air Preheater 
Outlet 

3.96 6.68 

Unit 2 Primary ESP 
Outlet 

2.89 6.40 

Unit 2 Supplementary 
ESP Outlet* 

2.93 7.56 

Unit 2 Supplementary 
ESP Outlet 

1000 lbs/hr 
trona injection 

rate

1.69 3.37 

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and 
results of particulate and gaseous phase SO3 are presented as one number.
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3.0 Test Methodology 
Emissions testing was conducted following the methods specified in 40 CFR, 
Part 60, Appendix A. A schematic of the sampling train used and copies of field 
data sheets for each test run are included in the Appendix. 

The following methodology was used during the test program: 

Consol Controlled Condensate Sulfuric Acid Mist (SO3)
Determination
Stack gas sulfuric acid mist (SO3) concentrations were determined in accordance 
with the Consol Controlled Condensate Method. An Environmental Supply 
Company, Inc. sampling train was used to sample stack gas, in the manner 
specified in the Method.

The flue gas was extracted through a quartz-lined probe fitted with a quartz wool 
plug to remove particulate matter. SO3 was then collected as the sample gas 
passed through a hot water cooled condenser that was also loosely packed with 
quartz wool. The condenser assembly was maintained at a temperature of 
140oF. The sample was then passed through impingers loaded with 3% H2O2 to 
capture the sulfur dioxide (SO2) passing through the system. The impingers were 
placed in an ice bath to maintain the exit gas from the last impinger containing 
silica gel below 68°F. Maintaining the temperature increases the efficiency of the 
silica gel in drying the metered gas. A leak check of the entire sample train was 
performed at a vacuum greater than the sampling vacuum after each sampling 
run in order to determine if any leakage had occurred during the test run. A 
leakage rate not in excess of 2% of the average sampling rate is considered 
acceptable.  

Samples were recovered as follows: the quartz wool particulate plug was 
removed and the probe was rinsed with an 80% IPA solution and placed in one 
bottle, the quartz wool plug in the condenser coil was removed and the coil was 
rinsed with 80% IPA, and the impingers were measured for moisture 
determination and the H2O2 solution was kept for potential analysis for SO2
concentration.

Samples were then taken to the plant laboratory and analyzed Mr. E. Ehlers of 
PES utilizing a barium thorin titration.  Both particulate phase and gaseous phase 
SO3 samples were brought up to a known volume and titrated as required by 
USEPA Method 6. 

3
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4.0 Test Result Summaries 

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 1.05 0.01023 50 10 4.13 1.15E-06 5.52
2 9:45-10:30 0.20 0.01023 50 10 4.08 2.21E-07 1.06
3 10:55-11:40 1.10 0.01023 50 10 3.92 1.27E-06 6.10

Average 4.23

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 2.10 0.01023 100 20 4.13 2.30E-06 11.05
2 9:45-10:30 2.60 0.01023 100 20 4.08 2.88E-06 13.84
3 10:55-11:40 2.075 0.01023 100 20 3.92 2.39E-06 11.50

Average 12.13

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Inlet Duct

3/28/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.45 0.01023 200 20 4.31 9.43E-07 4.54
2 15:00-15:45 0.80 0.01023 200 20 4.81 1.50E-06 7.23
3 16:02-16:47 0.50 0.01023 200 20 4.06 1.11E-06 5.35

Average 5.71

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.85 0.01023 220 20 4.31 1.96E-06 9.43
2 15:00-15:45 1.20 0.01023 100 20 4.81 1.13E-06 5.42
3 16:02-16:47 1.00 0.01023 200 20 4.06 2.22E-06 10.70

Average 8.52

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 0.50 0.01023 100 20 4.28 5.27E-07 2.54
3 11:20-12:05 0.40 0.01023 100 20 4.23 4.27E-07 2.05

Average 3.96

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 1.40 0.01023 100 20 4.28 1.48E-06 7.11
3 11:20-12:05 1.10 0.01023 100 20 4.23 1.17E-06 5.65

Average 6.68

Public Service of New Hampshire - Merrimack Station
Unit 2 Air Preheater Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.55 0.01023 100 20 4.06 6.11E-07 2.94
2 16:15-17:00 0.40 0.01023 100 20 4.12 4.38E-07 2.11
3 17:20-18:05 0.70 0.01023 100 20 4.21 7.51E-07 3.61

Average 2.89

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.65 0.01023 100 10 4.06 1.45E-06 6.96
2 16:15-17:00 1.15 0.01023 100 20 4.12 1.26E-06 6.06
3 17:20-18:05 1.20 0.01023 100 20 4.21 1.29E-06 6.19

Average 6.40

Public Service of New Hampshire - Merrimack Station
Unit 2 Primary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.45 0.01023 100 10 6.84 5.94E-07 2.86
2 13:00-13:45 0.40 0.01023 100 10 5.82 6.20E-07 2.99
3* 14:05-14:50 0.00 0.01023 100 10 4.00 0.00E+00 0.00

Average 2.93

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.95 0.01023 100 10 6.84 1.25E-06 6.03
2 13:00-13:45 0.95 0.01023 100 10 5.82 1.47E-06 7.09
3* 14:05-14:50 1.00 0.01023 100 10 4.00 2.26E-06 10.86

Average 6.56

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and results of particulate 
and gaseous phase SO3 are presented as one number.

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.55 0.01023 50 10 4.24 5.86E-07 2.82
2 16:05-16:50 0.20 0.01023 50 10 4.28 2.11E-07 1.02
3 17:00-17:45 0.25 0.01023 50 10 4.41 2.56E-07 1.23

Average 1.69

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.75 0.01023 100 20 4.24 7.98E-07 3.84
2 16:05-16:50 0.65 0.01023 100 20 4.28 6.86E-07 3.30
3 17:00-17:45 0.60 0.01023 100 20 4.41 6.14E-07 2.96

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/28/08
1000 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Average 3.37
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5.0 Conclusion and Certification 
PLATT ENVIRONMENTAL SERVICES, INC. is pleased to have been of service 
to ADA-ES. If you have any questions regarding this test report, please do not 
hesitate to contact us at 630-521-9400. 

CERTIFICATION 

As project manager, I hereby certify that this test report represents a true and 
accurate summary of emissions test results and the methodologies employed to 
obtain those results, and the test program was performed in accordance with the 
methods specified in this test report. 

PLATT ENVIRONMENTAL SERVICES, INC. 

__________________________________ Program Manager 
  Eric L. Ehlers 

__________________________________ Quality Assurance 
  Scott W. Banach 

7



Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

Appendix



M081310 9 Platt Environmental



M081310 10 Platt Environmental



M081310 11 Platt Environmental



M081310 12 Platt Environmental



M081310 13 Platt Environmental



M081310 14 Platt Environmental



M081310 15 Platt Environmental



M081310 16 Platt Environmental



M081310 17 Platt Environmental



M081310 18 Platt Environmental



M081310 19 Platt Environmental



M081310 20 Platt Environmental



M081310 21 Platt Environmental



M081310 22 Platt Environmental



M081310 23 Platt Environmental



M081310 24 Platt Environmental



M081310 25 Platt Environmental



M081310 26 Platt Environmental



M081310 27 Platt Environmental



M081310 28 Platt Environmental



M081310 29 Platt Environmental



M081310 30 Platt Environmental



M081310 31 Platt Environmental



M081310 32 Platt Environmental



M081310 33 Platt Environmental



M081310 34 Platt Environmental



M081310 35 Platt Environmental



M081310 36 Platt Environmental



M081310 37 Platt Environmental



M081310 38 Platt Environmental



M081310 39 Platt Environmental



M081310 40 Platt Environmental



M081310 41 Platt Environmental



M081310 42 Platt Environmental



M081310 43 Platt Environmental



M081310 44 Platt Environmental



M081310 45 Platt Environmental



M081310 46 Platt Environmental



M081310 47 Platt Environmental



M081310 48 Platt Environmental



 

Merrimack Topical Report 1551 
42780R12 

APPENDIX L:  Platt April 2006 Report 

 
 













































































































 

Merrimack Topical Report 1605 
42780R12 

APPENDIX M:  September 2006 ASA Test Report 
 
 



  

 

 

 

STACK SAMPLING REPORT 

FOR 

MERCURY AND FLOW RATE TESTING 

ON THE 

PUBLIC SERVICE OF NEW HAMPSHIRE 

MERRIMACK STATION UNIT NO. 2 

 

PROJECT NO. 06-054 

 

SEPTEMBER 2006 

 

 

PREPARED FOR: 

ADA-ES, INC. 

8100 SOUTHPARK WAY, UNIT B 

LITTLETON, COLORADO 80120 

 

 

PREPARED BY: 

AIR SAMPLING ASSOCIATES, INC. 

P.O. BOX 1175 

LEWISVILLE, TEXAS 75067 

 

(Total Number of Pages Including Cover: 153)



06-054  

TABLE OF CONTENTS 

EXECUTIVE SUMMARY................................................................................................. 1 

SUMMARY OF RESULTS .............................................................................................. 2 

DISCUSSION OF SAMPLING RESULTS....................................................................... 5 

DESCRIPTION OF SAMPLING LOCATION ................................................................... 6 

SAMPLING AND ANALYTICAL PROCEDURES ............................................................ 8 

TEST NARRATIVE........................................................................................................ 13 

APPENDICES ............................................................................................................... 16 

Appendix A: Location of Traverse Points..................................................................A-1 

Appendix B: Nomenclature and Equations for Calculation of Source Emissions......B-1 

Appendix C: Calibration Data .................................................................................. C-1 

Appendix D: EPA Test Methods 2, 3, and 4 Field Data ........................................... D-1 

Appendix E: Proposed EPA Test Method 324 Field Data.........................................E-1 

Appendix F: Proposed EPA Test Method 324 Analytical Data .................................F-1 

Appendix G: Resumes of Test Personnel................................................................ G-1 

 

TABLES 

Table 1: Summary of EPA Method Tests 1, 2, 3, and 4 Sampling Results...................... 2 

Table 2: Summary of EPA Method Tests 1, 2, 3, and 4 Sampling Results...................... 3 

Table 3: Summary of Proposed Test Method 324 Sampling Results .............................. 4 

Table 4: EPA Method 4 Condenser/Absorbing System................................................... 9 

Table 5: Stack Location Traverse Points......................................................................A-2 

Table 6: Calibration Data............................................................................................. C-2 



06-054  

FIGURES

Figure 1: Unit No. 2 ......................................................................................................... 7 

Figure 2: EPA Test Methods 2 and 4 Sampling Train ................................................... 10 

Figure 3: Proposed Test Method 324 Sampling Train................................................... 12 

Figure 4: Unit No. 2 Stack Sampling Traverse Points ..................................................A-3 

Figure 5: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Ports A and B) .................................................A-4 

Figure 6: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port C) .............................................................A-5 

Figure 7: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port D) .............................................................A-6 

Figure 8: Inlet to the Supplemental ESP Location of Traverse Points..........................A-7 

Figure 9: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port A)..............................................................A-8 

Figure 10: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port B) ...........................................................A-9 

Figure 11: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port C).........................................................A-10 

Figure 12: Stack Inlet from the Supplemental ESP   

Location of Traverse Points (Port D).........................................................A-11 

Figure 13: Outlet from the Original ESP Location of Traverse Points ........................A-12 

Figure 14: Inlet to the Original ESP (Duct A) Location of Traverse Points .................A-13 

Figure 15: Inlet to the Original ESP (Duct B) Location of Traverse Points .................A-14 



06-054 - 1 - 

EXECUTIVE SUMMARY 
 

Air Sampling Associates, Inc. conducted source testing on the Public Service of New 

Hampshire (PSNH), Merrimack Station, Unit No. 2, located in Bow, New Hampshire.  

The testing was conducted for a Department of Energy (DOE) mercury control 

technology evaluation project.  The purpose of the test was to characterize the flow rate 

and determine the mercury concentrations at the Inlet of the Original Electrostatic 

Precipitator (ESP), Outlet of the Original ESP, Inlet to the Supplemental ESP, Mid Duct 

to the Supplemental ESP, Stack Inlet from the Supplemental ESP, and the Stack 

sampling locations.  The testing was conducted on September 26 through September 

29, 2006. 

 

The sampling team consisted of Mr. Gary Goldman, Mr. Patrick Selakovich, and Mr. 

Scot Jackson.  Mr. Goldman was the test team leader. 

 

The procedures set forth in Title 40 of the Code of Federal Regulations, Part 60 

(40CFR60), Appendix A, Test Methods 1, 2, 3, and 4; and Proposed EPA Test Method 

324 were followed during testing.   

 

 

 

 

 

 

 

 

 

_______________________________ 
              Billy J. Mullins, Jr. P.E., Q.E.P., D.E.E.
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DISCUSSION OF SAMPLING RESULTS 
 

Flow Rate 

 

The tests for flow rate, using EPA Test Methods 1, 2, 3, and 4, appeared to be an 

accurate representation of the actual emissions during the tests.  All leak checks 

performed on the reference method sampling train and pitot tubes showed no leaks 

before or after testing.   

Mercury 

 

The eleven tests for mercury using Proposed EPA Test Method 324 appeared to be an 

accurate representation of the actual emissions during the tests.  All leak checks 

performed on the reference method sampling trains showed no leaks before or after 

testing.   
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DESCRIPTION OF SAMPLING LOCATION 

The sampling ports on the Unit No. 2 Stack are approximately 232 feet 3 inches above 

the ground.  The sampling ports are located 157 feet 3 inches (9.97 stack diameters) 

downstream from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) 

upstream from the outlet to the stack. 

 

The sampling ports on the Stack Inlet from the Supplemental ESP are approximately 75 

feet above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Mid Duct to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Inlet to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Outlet to the Original ESP are approximately 75 feet above 

the ground.  The sampling ports are located in a transition zone in the duct. 

 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 
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DESCRIPTION SAMPLING LOCATION 
 

Figure 1: Unit No. 2 
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SAMPLING AND ANALYTICAL PROCEDURES 
 

The procedures set forth in the Code of Federal Regulations, Title 40, Chapter 1, Part 

60, Appendix A, Test Methods 1, 2, 3, and 4; and Proposed EPA Test Method 324 were 

followed during testing. 

 

Flow Rate 

 

Velocity traverses were made according to EPA Test Method 2 at each port at the 

Stack, Stack Inlet from the Supplemental ESP (Port D), Stack Inlet from the 

Supplemental ESP (Port B), Inlet to the Supplemental ESP (Port C), Outlet from the 

Original ESP (Port G), Mid Duct to the Supplemental ESP (Port A), Outlet from the 

Original ESP (Port C), Inlet B of the Original ESP (Port F) Inlet B of the Original ESP 

(Port B), Inlet A of the Original ESP (Port C), and Inlet A of the Original ESP (Port G) 

sampling locations in order to determine the uniformity and magnitude of the flow.  

Multiple traverse points were sampled from each port.  Diagrams of the sample points 

for each sampling location are provided in Appendix A. 

 

The pitot tube lines were checked for leaks before and after each test under a vacuum 

and a pressure.  The lines were also checked for clearance and the manometer was 

zeroed before each test. 

 

Moisture samples were taken according to EPA Test Method 4 at the Stack, Stack Inlet 

from the Supplemental ESP, Inlet to the Supplemental ESP, and Inlet to the Original 

ESP sampling locations.  For each run, samples of 30 minute duration were taken at a 

single traverse point.  Data was recorded at 5-minute intervals. 
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The sampling train was leak-checked at the end of the sampling probe at 15" of mercury 

vacuum before each test, and again at the conclusion of each test at the highest 

vacuum recorded during sampling.  This was done to predetermine the possibility of a 

diluted sample. 

 

The ‘front-half’ of the sampling train contained the following components: 

In-stack filter 
Heated Stainless Steel probe @ 248°F ± 25°F 
Heated Teflon line @ 248°F ± 25°F 
 

The ‘back-half’ of the sampling train contained the following components: 

 

Table 4: EPA Method 4 Condenser/Absorbing System 

Impinger No. Impinger Type Absorbing Solution 

1 Modified 100 ml H2O 

2 Greenburg-Smith 100 ml H2O 

3 Modified Empty 

4 Modified  ~200 g silica gel 

 

Grab ORSAT samples were taken according to EPA Test Method 3 at the Stack, Stack 

Inlet from the Supplemental ESP, Inlet to the Supplemental ESP, and Inlet to the 

Original ESP sampling locations to determine flue gas molecular weight.   
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Figure 2: EPA Test Methods 2 and 4 Sampling Train 
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Mercury 

 

Mercury samples were taken according to Proposed EPA Test Method 324.  Samples of 

60 minute duration were taken from a single traverse point at the Stack, Stack Inlet from 

the Supplemental ESP (Port D), Stack Inlet from the Supplemental ESP (Port B), Inlet to 

the Supplemental ESP (Port C), Outlet from the Original ESP (Port G), Mid Duct to the 

Supplemental ESP (Port A), Outlet from the Original ESP (Port C), Inlet B of the Original 

ESP (Port F) Inlet B of the Original ESP (Port B) sampling locations.  Samples of 30 

minute duration were taken from a single traverse point at the Inlet A of the Original 

ESP (Port C) and Inlet A of the Original ESP (Port G) sampling locations.  The reduced 

sampling duration at the Inlet A of the Original ESP (Port C) and Inlet A of the Original 

ESP (Port G) sampling locations was due to the high dust loading at those locations. 

Data was recorded manually at the beginning of each run and again at the conclusion of 

each run. 

 

The sampling train was leak-checked at the end of the sampling probes at 15" of 

mercury vacuum before and after each test.  This was done to predetermine the 

possibility of diluted samples. 

 

The sampling train consisted of paired sorbent traps, dual heated sample probes, dual 

Teflon samples lines, and dual moisture removal systems. 
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Figure 3: Proposed Test Method 324 Sampling Train 

Sampling Console 
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TEST NARRATIVE
 

Air Sampling Associates, Inc. personnel arrived at the Public Service of New 

Hampshire, Merrimack Station, located in Bow, New Hampshire, at 10:15 a.m., on 

Tuesday, September 26, 2006.  All times are reported as Eastern Standard Time.  After 

meeting with plant personnel, the test trailer was set in place.  The sampling equipment 

was moved onto the Unit No. 2 Stack and secured.  Personnel departed the plant at 

7:00 p.m. 

 

Personnel returned to the plant at 7:30 a.m. on Wednesday, September 27, 2006.  The 

sampling equipment was prepared for testing.  Testing was postponed due to unit 

operational problems.  The equipment was secured for the night and personnel 

departed the plant at 1:15 p.m. 

 

Personnel returned to the plant at 7:30 a.m. on Thursday, September 28, 2006.  The 

sampling equipment was prepared for testing.  The first test for flow rate on the Unit No. 

2 Stack began at 11:09 a.m. and was completed at 11:39 a.m.  The first test for mercury 

on the Unit No. 2 Stack began at 11:17 a.m. and was completed at 12:17 a.m.  The 

sorbent tubes were recovered and analyzed.   

 

The sampling equipment was moved to the Stack Inlet from the Supplemental ESP and 

was prepared for testing. The first test for flow rate on the Stack Inlet from the 

Supplemental ESP began at 3:55 p.m. and was completed at 5:40 p.m.  The first test for 

mercury on the Stack Inlet from the Supplemental ESP began at 3:46 p.m. Testing 

continued until the completion of the second test at 6:21 p.m.  The sorbent tubes were 

recovered and analyzed.  The sampling equipment was moved to the Mid Duct to the 

Supplemental ESP and secured for the night.  Personnel departed the plant at 7:30 p.m. 
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Personnel returned to the plant at 7:00 a.m. on Friday, September 29, 2006.  The 

sampling equipment was prepared for testing.  The first test for flow rate on the Mid 

Duct to the Supplemental ESP began at 9:40 a.m. and was completed at 10:18 a.m.  

The sampling equipment was moved to the Outlet from the Original ESP and prepared 

for testing.  The first test for flow rate on the Outlet from the Original ESP began at 

11:20 a.m. and was completed at 11:50 a.m.  The sampling equipment was moved to 

the Inlet to the Original ESP and prepared for testing.  The first test for flow rate at the 

Inlet to the Original ESP began at 5:23 p.m. and was completed at 6:35 p.m.  The 

sampling equipment was moved to the Inlet to the Supplemental ESP and prepared for 

testing.  The first test for flow rate on the Inlet to the Supplemental ESP began at 6:33 

p.m. and was completed at 7:03 p.m. 

 

The first test for mercury on the Inlet to the Supplemental ESP began at 7:52 a.m. and 

was completed at 8:52 a.m.  The sorbent tubes were recovered and analyzed.  The 

sampling equipment was moved to the Outlet from the Original ESP and prepared for 

testing.  The first test for mercury on the Outlet from the Original ESP began at 9:29 

a.m. and was completed at 10:29 a.m.  The sorbent tubes were recovered and 

analyzed.  The sampling equipment was moved to the Mid Duct to the Supplemental 

ESP and prepared for testing.  The first test for mercury on the Mid Duct to the 

Supplemental ESP began at 11:17 a.m. and was completed at 12:17 p.m. The sorbent 

tubes were recovered and analyzed.  The sampling equipment was moved to the Outlet 

from the Original ESP and prepared for testing.  The first test for mercury on the Outlet 

from the Original ESP began at 12:55 p.m. and was completed at 1:55 p.m.  The 

sorbent tubes were recovered and analyzed.  The sampling equipment was moved to 

the Inlet of the Original ESP and prepared for testing.  The first test for mercury on the 

Inlet of the Original ESP began at 4:55 p.m.  Testing continued until the completion of 

the fourth test at 9:46 p.m.  The sorbent tubes were recovered and analyzed.   
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The sampling equipment was moved off of the sampling locations and loaded into the 

test trailer.  The data was transported to Air Sampling Associates, Inc.’s office in 

Lewisville, Texas for further review. 

 

Operations at the Public Service of New Hampshire, Merrimack Station, located in Bow, 

New Hampshire, for ADA-ES, Inc. were completed at 10:45 p.m. on Friday, September 

29, 2006. 
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APPENDICES
 
 
 Appendix A:  Location of Traverse Points 

Appendix B: Nomenclature and Equations for Calculation of 
  Source Emissions 
 Appendix C: Calibration Data 
 Appendix D: EPA Test Methods 2, 3, and 4 Field Data 
 Appendix E: Proposed EPA Test Method 324 Field Data 

Appendix F:  Proposed EPA Test Method 324 Analytical Data 
 Appendix G: Resumes of Test Personnel 
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Appendix A: 

Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Stack 

The sampling ports are located 157 feet 3 inches (9.97 stack diameters) downstream 

from the inlet to the stack and 84 feet 1 inch (5.33 stack diameters) upstream from the 

outlet to the stack.  The locations of the traverse points were calculated as follows: 

 

Table 5: Stack Location Traverse Points 

Port & Wall Thickness = 40 1/16 inches 
Inside Stack Diameter = 189 3/16 inches 

Point
 Number* 

Percent of 
Stack Diameter 

Distance
from Wall 

1 4.4 8 5/16" 
2 14.6 27 5/8" 
 3 29.6 56"
   

 * Calculated as one-half of a six point traverse. 
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Appendix A 

Figure 4: Unit No. 2 Stack Sampling Traverse Points 

Not to scale. 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Stack Inlet from the Supplemental ESP 

The sampling ports on the Stack Inlet from the Supplemental ESP are approximately 75 

feet above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 5: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Ports A and B) 
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Appendix A 
 

Figure 6: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port C) 
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Appendix A 
 

Figure 7: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port D) 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Supplemental ESP 

The sampling ports on the Inlet to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 8: Inlet to the Supplemental ESP Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Mid Duct to the Supplemental ESP 

The sampling ports on the Mid Duct to the Supplemental ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 9: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port A) 
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Appendix A 

Figure 10: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port B) 
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Appendix A 

Figure 11: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port C) 

120" 

Pt. 1 

Pt. 2 

Pt. 3 

Pt. 4 

Pt. 5 

300" 



06-054 A-11 

Appendix A 

Figure 12: Stack Inlet from the Supplemental ESP  
Location of Traverse Points (Port D) 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Outlet from the Original ESP 

The sampling ports on the Outlet from the Original ESP are approximately 75 feet 

above the ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 13: Outlet from the Original ESP Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Original ESP (Duct A) 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 14: Inlet to the Original ESP (Duct A) Location of Traverse Points 
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Appendix A 

Location of Traverse Points 
Merrimack Unit No. 2 Inlet to the Original ESP (Duct B) 

The sampling ports on the Inlet to the Original ESP are approximately 60 feet above the 

ground.  The sampling ports are located in a transition zone in the duct. 

 

Figure 15: Inlet to the Original ESP (Duct B) Location of Traverse Points 
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Appendix B: 

Nomenclature and Equations for Calculation of Source Emissions 
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Nomenclature For Flow Rate and Moisture Calculations
 

  English Metric    
 Symbol Units Units Description 

 As in.2 m2 Stack Area 

 Can gr/dscf* g/dscm* Particulate – probe, cyclone,  
    and filter 

 Cao gr/dscf* g/dscm* Particulate –total 

 Cat gr/CF @ g/m3 Particulate – probe, cyclone, 
  stack conditions  and filter 

 Cau gr/CF @ g/m3 Particulate – total 
  stack conditions 

 Caw lbs/hr kg/hr Particulate – probe, cyclone, 
    and filter 

 Cax lbs/hr kg/hr Particulate - total   

 Cp   Pitot Tube Calibration Factor 

 Dn in. m Sampling Nozzle Diameter 

 %EA   Percent Excess Air at  
    Sampling Point 

 g 32.2 ft/sec2  Acceleration of gravity 
 %I   Percent Isokinetic   

 %M   Percent Moisture in the Stack  
    Gas by Volume 

 Md   Mole Fraction of Dry Gas 

 mf mg mg Particulate – probe, cyclone, 
    and filter 

 mt mg mg Particulate – total 

 Mwater 18 lb/lb-mole  Molecular Weight of Water 

 MW lb/lb-mole g/g-mole Molecular Weight of Stack 
    Gas  

 MWair 28.84 lb/lb-mole  Molecular Weight of Air 
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  English Metric    
 Symbol Units Units  Description 

 MWd lb/lb-mole g/g-mole Molecular Weight of Dry Stack  
    Gas 

 Pb "Hg Absolute mm Hg Barometric Pressure 

 Pm "H2O mm H2O Orifice Pressure drop 

 Ps "Hg Absolute mm Hg Stack Pressure 

 �P "H2O mm H2O Velocity Head of Stack Gas 

 Pstd 29.92" Hg 760 mm Hg Standard Barometric Pressure 

 Qa ACFM m3/hr Stack Gas Volume at Actual  
    Stack Conditions 

 Qs DSCFM* dscm/hr* Stack Gas Volume at 29.92"  
    Hg, 528° R, dry 

 R 21.83" Hg-  Universal Gas Constant 
  ft3/lb-mole °R 

 Tm °F °C Average Gas Meter  
    Temperature 

 Tt min min Net Time of Test 

 Ts °F °C Stack Temperature 

 Tstd 528 °R 293 °K Standard Temperature 

 Vm ft3 m3 Volume of Dry Gas Sampled  
    @ Meter Conditions 

 Vmstd dscf* dscm* Volume of Dry Gas Sampled 
    @ Standard Conditions 

 Vs fpm m/sec Stack Velocity @ Stack 
    Conditions  

 Vw ml ml Total Water Collected in  
    Impingers and Silica Gel 

 Vwgas scf* scm* Volume of Water Vapor  
    Collected @ Standard  
    Conditions 

 �air 0.0748 lbs/ft3  Density of Air 
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  English Metric    
 Symbol Units Units  Description 

 �water 1 g/ml  Density of Water 

 �man 62.32 lbs/ft3  Density of Manometer Oil 

(Inches of Water) 

Standard Conditions: 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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EXAMPLE CALCULATIONS
 

1.   Volume of dry gas sampled at standard conditions. * 
 

dscm = 0.028317 x dscf = V
  
  

dscf = 
460 + T
13.6
P + P

   V17.65 = V

  
  

P
13.6
P + P

  
460 + T

T   V= V

m

m

m
b

mm

std

m
b

m

std
mm

std

std

std

�
�
�
�

�

�

	
	
	
	




�

�
�
�
�

�

�

	
	
	
	




�

��


�
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�

�

2. Volume of water vapor collected at standard conditions. * 

scm=0.028317xscf=V

scf=S)Hgms-SOgms-V(0.0472=V

453.6MP
RTS)Hgms-SOgms-V(=V

w

22ww

waterstd

stdwater22w
w

gas

gas

gas

�

3. Percent moisture in stack gas. 

%=100x
V+V

V=%M
wm

w

gasstd

gas

* 29.92" Hg, 68° F (760 mm Hg, 20 °C) 



06-054 B-6 

4. Mole fraction of dry gas. 
 

100
%M-100=Md

5. Average molecular weight of dry stack gas. 

mole-g/g=

mole-lb/lb=
100
28x%CO+

100
28xN%+

100
32xO%+

100
44xCO%=MW 222d ��

�
	

�

��
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��
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�
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6. Molecular weight of stack gas. 

mole-g/g=
mole-lb
lb=)M-(118+MxMW=MW ddd

7. Percent excess air at sampling point. 

%CO)]0.5(-O[%-)N(%0.265
%CO)]0.5(-O[%100=%EA

22

2

8. Stack Pressure. 

Hgmm=25.4xAbs.Hg"=P

AbsoluteHg"=
13.6

OH"PressureStack+P=P

s

2
bs

9. Stack velocity at stack conditions. 

m/sec = 0.00508 x fpm = V
  
  

fpm = average P�
MW x P
460) + T( C 5,123.8 = V

  
  

  T x MW x P x � x 12
P x �460) + T( x MW x P x � x 2g

 60 C = V

s

s

s
 

ps

stdsair

sairstdman

1/2 

ps

1/2

�
�
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10. Dry stack gas volume at standard conditions. * 

 

dscm/hr=1.6990xDSCFM=Q

DSCFM=
460+T

PxMxAxV0.123=Q

P
Px

460+T
TxMxAxV144

1=Q

s

s

sdss
s

std

s

s

std
dsss

11. Actual stack gas volume at stack conditions. 

 

/hrm=1.6990xACFM=Q

ACFM=
144

AxV=Q

3
a

ss
a

 
12. Percent Isokinetic 

2
nstsd

sm

2
n

stsstdd

22
stdsm

D x  x VT x P x M
460)  (T x  x V1039  %I

4
D x   x VT x P x T x M

.144 x 100 x P x 460)  (T x V  %I
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std

�
�
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�
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�

� �
�

�
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 * 29.92" Hg, 68° F (760 mm Hg, 20 °C) 
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Appendix C: 

Calibration Data 
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Appendix C 

Table 6: Calibration Data 

Pre-Test:
Equipment Calibration Factor Calibration Date

Dry Gas Meter 1-1 0.985 09/19/06 
Digital Temperature Indicator 2-1  09/19/06 
Dry Gas Meter 2-1 Orifice  09/19/06 
   

Pitot Tube 1-1 0.825 09/20/06 

   

Barometer 1 NIST Traceable 09/10/06 

   

Post-Test:
Equipment Calibration Factor Calibration Date

Dry Gas Meter 1-1 0.989 10/27/06 
   

Pitot Tube 1-1 0.823 11/06/06 

   

Barometer 1 NIST Traceable 10/13/06 
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Post-test Calibration Data: 
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Appendix D: 

EPA Test Methods 2, 3, and 4 Field Data
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Appendix E: 

Proposed EPA Test Method 324 Field Data
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Appendix F: 

Proposed EPA Test Method 324 Analytical Data 
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Appendix G: 

Resumes of Test Personnel 
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BILLY J. MULLINS, JR.; President 
 
 
Education Post Graduate Study Environmental Engineering at Southern 

Methodist University; Dallas, Texas 1970. 
 
 M.S. 1969, New York University; New York, New York, in Civil 

Engineering (Air Resources). 
 
 B.S. 1968, Texas Tech University; Lubbock, Texas, in Civil 

Engineering (Water Resources). Studies in Engineering at the U.S. 
Naval Academy; Annapolis, Maryland, 1963-1964 

 
 
Professional Attended Short Course on Air Pollution Engineering at the University 
Training of Texas at Austin, February 1970. 
Courses 
 Attended four-week management course presented by the American 

Management Association, 1976. 
 
 
Certification Registered Professional Engineer 
 Certified Visible Emissions Evaluator 
 Licensed Private Pilot (Multi-Engine-Land, Instrument) 
 Diplomat in the American Academy of Environmental Engineers 
 Inductee into the Stack Sampling Hall of Fame 
 Certified as Qualified Environmental Professional (QEP) 
 
 
Professional Air & Waste Management Association – Past Chairman, Past Vice  
Memberships Chairman, and Past Board of Directors of North Texas Chapter and 

Southwest Section; Past Chairman, Consultants Committee; Past 
Chairman, Source Measurement Committee 

 
 Source Evaluations Society – Past President, Past Board of 

Directors 
 
 American Management Association 
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MULLINS (p. 2) 
 
 
Publications Authored “Real World Experience with USEPA’s New Sampling and 

Analytical Methods for Conducting Risk Burn,”  May 1998. 
 
 Co-authored “Sulfur Compound Emissions of the Petroleum 

Production Industry,” December 1974. 
 
 Co-authored “Field Procedure for Stabilizing Hydrogen Sulfide 

Samples to be Analyzed Using Modified Methylene Blue Technique,” 
presented at the Conference on Ambient Air Quality Measurements, 
Austin, Texas, March 1975. 

 
 Co-authored “Atmospheric Emissions Survey of the Sour Gas 

Industry,” October 1975. 
 
 Co-authored “Technique for Insuring the Validity of Samples for High 

Concentrations of Sulfur Dioxide Using the EPA Method 5 Sampling 
Train,” presented at the Third National Conference on Energy and 
the Environment, College Corner, Ohio, September 1975. 

 
 
Teaching Conducted training seminars on sampling methods periodically since  
Experience 1974 to present. 
 
 Conducted a one-day seminar on Part 75 Testing over ten times in 

1993 and 1994. 
 
 Served as a lecturer in the Environmental Protection Agency’s (EPA) 

training course number 450, “Source Sampling for Particulate 
Pollutants,” for two years from January 1974 to October 1975 and 
March, 1992. 

 
 Conducted a two-day training course entitled “technical Assistance in 

Source Sampling” at Iowa State University, Ames, Iowa, for the 
Environmental Protection Agency (EPA), October 1974. 

 
 Conducted Environmental Protection Agency’s (EPA) training course 

number 450, “Source Sampling for  Particulate Pollutants,” at 
Research Triangle Park, North Carolina, September 1975. 
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MULLINS (p. 3) 
 
 
Teaching Conducted a two-day short course entitled “Performing and 
Experience Observing Source Sampling,” Dallas, Texas, July 1976, May 1977,  
 (Cont’d) October 1977, November 1987 and November 1988; Lake Charles, 

Louisiana, May 1977; Casper Wyoming, May 1977; Point Comfort, 
Texas, November 1992. 

 
 Served as a lecturer in the Environmental Protection Agency’s two-

day seminar entitled “Asphalt Industry Environmental Solutions,” 
presented in Dallas, Texas, March 21-22, 1979. 

 
 Conducted a two-day short course entitled “Performing and 

Observing Source Sampling,” Phoenix, Arizona, August, 1990, for the 
State of Arizona, Department of Environmental Quality; Lincoln, 
Nebraska, March 1980, for the State of Nebraska, Air Quality Control 
Division. 

 
 
Technical Directed and performed stack sampling on over 2000 sources of  
Experience which over 500 were sampled simultaneously using more than one 

sampling train at several points in the flue gas stream; 1972-present. 
 
 Directed and performed over 200 short-term ambient air studies 

using mobile sampling vans and various ambient air sampling 
equipment; 1972-present. 

 
 Designed, directed and operated over 20 permanent ambient air 

networks of various size and duration for a variety of parameters; 
1972-present. 

 
 Designed surface and underground drainage systems for residential 

subdivisions, public works projects, and shopping centers; 1969-
1972. 

 
 Designed several residential subdivisions including lot layout, street 

design, drainage design, and utility design; 1969-1972. 
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MULLINS (p. 4) 
 
  
 
Research Supervised and conducted a study made by the Hawaiian Sugar  
Projects Planters’ Association to characterize the emissions for several 

bagasse-fired boilers, April-May 1976. 
 
 Supervised and conducted a study made by the Rio Grande Valley 

Sugar Growers, Inc. to determine the area affected by the burning of 
sugarcane fields prior to harvesting, November 1974-April 1975. 

 
 Supervised and conducted a study by a lightweight aggregate 

manufacturer to develop a material balance around the process 
through sampling and analysis of several parameters, November 
1973. 

 
 Conducted a study in New York City to attempt to develop a 

correlation in the ambient air between carbon dioxide and sulfur 
dioxide to provide a tool for predicting air pollution predicting air 
pollution episodes, January-May 1969. 

 
Related Served as Chairman of the Engineering Foundation Conference on  
Projects Stack Sampling and Source Evaluation in Destin, Florida, 2002, and 

Santa Barbara, California, 1985. 
 
 Served as Co-Chairman of the Engineering Foundation Conference 

on Stack Sampling and Source Evaluation in Destin, Florida, 2001. 
 
 Served as Session Chairman at the Engineering Foundation 

Conference on Stack Sampling and Source Evaluation in Hershey, 
Pennsylvania, 1984; San Diego, California, 1993; and in Palm Coast, 
Florida, 1994. 
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 GARY B. GOLDMAN; Associate 
 
 
Education B.S. 1993, University of Texas at Arlington; Arlington, Texas, in 

Geology. 
  
Professional Attended 40-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1993. 
 
 Attended HAZWOPER 8-hour refresher course, 1994-2005. 
  
 Attended the following Environmental Protection Agency (EPA) 

Courses: 
  Course 345, Emission Capture and Gas Handling System 

Inspection 
  Course 380, Fugitive Source Inspection 
  Course 400, Introduction to Hazardous Air Pollutants 
  Course 413, Control of Particulate Emissions 

   Course 415, Control of Gaseous Emissions 
  Course 418, Control of Nitrogen Oxide Emissions 

   Course 427, Combustion Evaluation 
   Course 444, Air Pollution Field Enforcement 
   Course 445, Inspection of Particle Control Devices 
   Course 446, Inspection Safety Procedures 

  Course 450, Source Sampling for Particulate Pollutants 
  Course 452, Principles and Practice of Air Pollution Control 
  Course 455, Inspection of Gas Control Devices and Selected 

Industries 
   Course 474, Continuous Emission Monitoring 

  Course 482, Sources and Control of Volatile Organic Air 
Pollutants 

 
 Attended the following California Air Resources Board (CARB) 

Courses 
   Course 221, Continuous Emission Monitoring 
   Course 233, Solvent Cleaning: Degreasing Operations 
   Course 242, Hot Mix Asphalt Facilities 
   Course 245, Cement Plants 
   Course 270, Incinerators 
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GOLDMAN (p.2) 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Senior Emissions Evaluator with the Texas Commission on 
Experience  Environmental Quality, responsible for oversight of all source testing 

activities within the State of Texas, Region 4, which encompasses 19 
counties in the North Texas region, 1999-2005. 

 
 Participated in the sampling of over 750 sources, including several of  
 which were sampled simultaneously utilizing more than one sampling 

train, 1994-1999. 
 
 Thoroughly trained in all EPA testing procedures specified in Title 40 

of the Code of Federal Regulations, Part 60. 
  
 Thoroughly trained in Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, 0010 Through 0100 Series. 
  
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experienced in the analysis of commercial calibration gas cylinders 

for NOx, SO2, CO2, and O2. 
 

Experienced with calibration techniques for all field testing 
equipment. 

 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 Anarad Model AR50-C Carbon Dioxide Analyzer 
 Anarad Model AR880 Oxides of Nitrogen Analyzer 
 Anarad Model AR23 Oxygen Analyzer 
 Anarad Model AR30C2 Sulfur Dioxide Analyzer  
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Teledyne Model 326 Oxygen Analyzer  
 Thermo Environmental Model 10AR/S Oxides of Nitrogen Analyzer 
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GOLDMAN (p.3) 
 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer   
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PATRICK SELAKOVICH; Associate 
 
 
Education B.S.B.A. 1992, University of Arkansas; Fayetteville, Arkansas, in 

General Business. 
 
Professional Attended 24-hour Occupational and Environmental Training Program  
Training on Hazardous Materials (CFR 1910.120) Dallas, Texas, April 1997. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120) & ‘Train the Trainer’, 
Gettysburg, Pennsylvania, July 1998. 

 
 Also attended an 8-hour refresher course January 2000, January 

2001, and May 2004. 
 
 Attended OSHA General Industry Safety and Health Training, May 

1999. 
 
 
Professional Society For Human Resource Management 
Memberships 
 
 
Technical Participated in the sampling of over 150 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1996-
present. 

 
 Participated in EPA’s 3-D probe study. May – August 1997. 
 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 46C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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SCOT JACKSON; Associate 
 
 
Education B.S.B.A. May 1978, Mountain View Jr. College, in General Business. 
 
Professional Purchasing Supervisor for METCO Environmental, Inc. in charge of   
Training inventory and supplies. January 1995 – April 2005. 
 
 Attended 40-hour Occupational and Environmental Training Program 

on Hazardous Materials (CFR 1910.120), Dallas, Texas, May 2000. 
 
 Attended Fed-Ex Hazardous Goods Shipping Training, June 2004. 
 
 
Certification Certified Visible Emissions Evaluator 
 
 
Technical Participated in the sampling of over 100 sources, including several of  
Experience which were sampled simultaneously using more than one sampling 

train.  Thoroughly trained in all EPA testing procedures, 1995-
present. 

 
 Experience with calibration techniques for all field testing equipment. 
 
 Thoroughly trained in the operation and routine maintenance of the 

following: 
 
 California Analytical Model 300-HFID Total Hydrocarbon Analyzer 
 Servomex Model 1440 Carbon Dioxide Analyzer 
 Servomex Model 1440 Oxygen Analyzer 
 Thermo Electron Model 42C Oxides of Nitrogen Analyzer 
 Thermo Electron Model 48C Oxides of Nitrogen Analyzer 
 Western Research Model 721A Sulfur Dioxide Analyzer 
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SO3 Test Report 
- D R A F T -

Test period: 10/02 - 10/03/2006 and 10/31 - 11/01/2006                

ordered by ADA-ES, Inc. 

Name of Plant Owner:  Public Service of New Hampshire (PSNH)
Plant Identification:  Merrimack Station, Unit 2 

Location of Plant:  97  River Road, Bow, NH  03304 

address: E.ON Engineering GmbH, P.O.Box 20 02 55, 45837 Gelsenkirchen  

external duplication and publication also in excerpts only with authorization of the author  
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1 Task description 

Public Service of New Hampshire (PSNH) operates two coal fired boilers with cyclone burners  

(Unit 1: 120 MW and Unit: 2: 330 MW) at Merrimack Station which is located in Bow,  

New Hampshire. ADA-ES, Inc. carries out a comprehensive research program for mercury mitigation 

at Merrimack Station and, in this context, was interested in the behaviour of sulphur trioxide (SO3) 

along the flue gas path from the air heater outlet to the stack. For this reason E.ON Engineering 

GmbH was commissioned to carry out SO3 baseline testing and SO3 testing during sorbent injection at 

Merrimack Station, Unit 2. 

2 Test schedule, SO3 measurement locations 

All the tests were performed at full load (332 MWgross) when firing fuel blends of various low and mid 

sulfur coals. Unit 2 is equipped with a tubular heat exchanger (air heater) and soot blowers are not 

installed. The following test locations and measuring points for SO3 testing were agreed: 

For baseline testing (October 02-03, 2006): 

- Air heater outlet, North and South):  Two ducts, three ports, 1 point deep (ca. 1.8 m, 5.9 ft) 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

- Downstream ESP II, upstream stack: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

For testing during sorbent injection (October 31 and November 01, 2006): 

- Inter ESP: One duct, one port, 1 point deep (ca. 2.5 m, 8.2 ft) 

At the sampling location "air heater outlet" flue gas temperatures at the different sampling ports were 

provided by the client. It was agreed upon that SO3 sampling was performed on three ports with 

highest, lowest and medium average temperatures along the measured points. The temperature profile 

of the ducts at air heater outlet is given in Annex 1. 

A graphical representation of all test locations is given in Figures 1 and 2. 
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Figure 1: Scheme of Merrimack Station, Unit 2, and location of sampling ports used for SO3
sampling 

Figure 2: Sampling ports at air heater outlet (used ports in black) and average flue gas temperatures 
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3 Measuring and Analytical Methods 

3.1 Measuring Parameter: Sulphur Trioxide (SO3) 

Measuring Method: (Modified) Controlled Condensation Method 

The Controlled Condensation Method (VGB Method 4.5.2) was designed to measure the vapour phase 
of SO3 by condensation as H2SO4 under controlled gas conditions, eliminating the potential for 
interference with sulphur dioxide. This method was applied during baseline testing. 

The Controlled Condensation Method has been modified by E.ON Engineering for determining 
sulphuric acid emissions downstream of wet scrubbers or at wet stacks of coal fired power stations or 
where any alkaline ashes or sorbents are present in the flue gas which may react with the SO3 on the 
filter. Instead of the typically used quartz filter, the E.ON method utilizes a tubular electrostatic 
precipitator (ESP) to remove the ash particles to the side walls away from the gas stream. The 
sulphuric acid aerosols, if present, are evaporated in the ESP without intensive contact to fly ash 
particles. The high residence time of the gas stream within the heated ESP and the operation of the 
ESP at a temperature level significantly higher than the acid dew point ensure that only gaseous SO3 is 
entering the condenser. This Method was applied for testing during sorbent injection. 

Sampling Equipment: 

The following items were used for sample collection: 

Sampling Train: 
A schematic of the sampling train used is shown below in Figure 3. The schematic is similar to the 
Method 8A1 train (as used in the US) except that the impingers for SO2 determination are omitted and 
that - in case of the modified method - an electrostatic precipitator is used instead of the quartz filter. 
The dry gas meter was replaced by a wet gas meter eliminating the need for a silica gel drying tube.  

Quartz wool filter: 
Quartz tube with lateral inlet in direction of the flue gas flow and packed with quartz wool. The filter 
is heated by the flue gas (isothermal filter conditions). 

Probe liner: 
Quartz, straight tube approximately 10-mm inside diameter, with a heating element and a stainless 
steel jacket. The temperature of the probe is controlled by a thermocouple taped on the quartz tube 
insulated with glass wool. Probe temperature was set to 260 °C (500 °F). 

                                                
1 A Method from the National Council of the Paper Industry for Air and Stream Improvement
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Figure 3: Sulphuric Acid Sampling Train 

Electrostatic Precipitator (ESP): 
Tubular ESP heated up to 200 °C (392 °F).  
High voltage: 2 to 24 kV. Maximum flow rate: 70 l/min.  
View and schematic of the ESP is given in Figure 4.

The filter consists of an exchangeable tube with a removable precipitation foil and a spray electrode in 
the center. The filter is placed in a caloric isolated container. The heating is adjusted to 200 °C 
(392 °F). At a high voltage of 24 kV and a filter current of 0.5 mA the separation efficiency of the 
filter is > 99.5 % for a particle size of 0.1 to 10 μm.  

Figure 4: View and Schematic of the ESP 
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H2SO4 Condenser: 
The condenser coil is made from borosilicate glass with 500 cm of 6 mm ID tubing. The condenser 
coil is placed in a water bath which is maintained at a temperature of 80-90 °C (175-195 °F). 

Metering System: 
This system consists of a vacuum gauge, leak-free pump, temperature sensors capable of measuring 
temperature to within 1 °C, wet gas meter (WGM) capable of measuring volume to within 2 percent, 
and related equipment, as shown in Figure 3.  

Sample Recovery 
After each sampling run, the condensation coil is removed from the water bath and cooled down to 
ambient air temperature. The condensation coil is then rinsed with deionised water in a volumetric 
flask. Multiple rinses are used for good washing. The volumetric flask is filled up with deionised 
water to exactly 200 ml. 

Sample Analysis 
With a graduated pipette a volume of 20 ml is taken from the volumetric flask (section 4.2.2.3) and 
transferred to a 250 ml Erlenmeyer flask. After adding 80 ml of 2-propanol (IPA) and 4 drops of 
Thorine as indicator the solution is titrated with barium-perchlorate. Based on the sampled gas volume 
and the titration test result, the sulphuric acid aerosol concentration present in the flue gas is 
calculated. 

Limit of Determination: 1 mg/m3 at a sample volume of 0.1 m3  

3.2 Measuring Parameter: Oxygen (O2) 

Oxygen was measured at the gas meter outlet of each SO3 sampling train.  

Analyzer: Manufacturer: M & C Company, Type: PMA 10

Measuring Range: 0 - 30 Vol.-% 

Analyzer Calibration: Calibration Gas: Air (20.9 Vol.-%) 

Limit of Determination: 0.1 Vol.-%  
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4 Test Conditions and Results 

4.1 Operating Conditions of the Plant during Testing 

Normally all SO3 tests were carried out during full load of the plant (321 MW gross). On October 3rd

2006 initially baseline testing at full load with reduced air heater outlet temperature was intended. 

However, due to transformer troubles, boiler load had to be reduced to 232 MW gross and therefore SO3

testing was performed at reduced load. Detailed plant data of the testing period 10/02/2006 - 

10/03/2006 are summarized in Annex 2. 

4.2 Testing Results 

Baseline Testing: 

The results of the baseline testing during full load operation without injection of SO3 sorbents at the 

three different sampling locations are summarized in Table 1. Detailed sampling and analysis data of 

each individual testing are documented in Annex 3. 

Table 1: Summarized Results of SO3 Baseline Testing* 

Date Location Average Flue Gas 
Temperature 

Number 
of Tests 

Average SO3
Concentration 

Comment 

  [°F]  [ppm at 3 % O2]  

10/02/2006 Air heater outlet 344 12 12.9 three ports (7, 10, 16)

10/02/2006 Inter ESP 331 7 15.2 one port 

10/02/2006 ESP II outlet 327 7 13.9 one port 

* Tests on October 03, 2006 at reduced load are not considered in this table 

Testing during Sorbent Injection: 

Summarized results of testing with sorbent injection on October 31st and November 1st, 2006 are 

presented in Table 2. Detailed sampling and analysis data of each individual testing are documented in 

Annex 4. 
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Table 2: Summarized Results of SO3 Testing at Sampling Location "Inter ESP"  
during Sorbent Injection 

Date Time Number 
of Tests 

Average SO3
Concentration 

Comment 

   [ppm at 3 % O2]  

10/31/2006 10:30-12:00 3 14.8 No injection 

10/31/2006 16:30-18:00 3 10.2 With injection* 

11/01/2006 10:10-10:40 2 8.8 Injection: 500 lb/h, drop temp. before pre-heater 

11/01/2006 11:15-14:10 6 8.5 Injection: 625 lb/h, drop temp. before pre-heater 

11/01/2006 14:55-16:15 4 7.3 Injection: 625 lb/h, normal temp. before pre-heater 

11/01/2006 17:15-17:55 2 20.2 No injection, drop temp. before pre-heater 

* One test without injection within this time period is not considered in these values. 

PAU/May-Fe 

12/20/2006 

 Hans-Joachim Dieckmann  Dr. Johannes Mayer 
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5 Annex 

Annex 1 Temperature Profile at Air Heater Outlet 

Annex 2 Plant Data of October 02-03, 2006 

Annex 3 Individual Results of SO3 Baseline Testing 

Annex 4 Individual Results of SO3 Testing during Sorbent Injection 
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Annex 1: Flue gas temperatures [°F] at air heater outlet, provided by the client  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

6 5/16 349 368 340 317  -  -  - 366

19 347 362 337 307 306  -  - 361

31 11/16 342 360 334 308 303 331 360 363

44 5/16 354 351 334 330 305 335 365 370

51 359 357 347 345 308 354 368 368

69 364 353 344 342 319 351 360 360

Average 352.5 358.5 339.3 324.8 308.2 342.8 363.3 364.7

Port no.
Duct North Duct South

D
ep

th
 [i

nc
he

s]

Date of measurement: 09/29/2006 
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Annex 2.1: Plant Data of October 02-03, 2006 
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Annex 2.2: Plant Data of October 02-03, 2006 (continued) 
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Annex 2.3: Plant Data of October 02-03, 2006 (continued) 
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Annex 3.1: Individual Results of SO3 Baseline Testing 

test period titration

V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:20-09:29 150 1022 23 5.1 136 1.15 9.5 10.8
09:55-10:03 150 1024 22 5.5 137 1.25 10.2 11.9
10:10-10:20 150 1024 22 5.2 137 1.25 10.2 11.6

average: 10.0 11.4
10:44-10:54 150 1024 24 8.8 136 0.85 7.0 10.4
11:00-11:09 150 1023 24 8.6 135 0.90 7.5 10.8
11:44-11:54 150 1023 23 8.5 136 0.90 7.4 10.7

average: 7.3 10.6
12:31-12:41 150 1023 21 3.0 137 1.90 15.5 15.5
14:20-14:30 150 1023 22 3.0 137 1.70 14.0 14.0
14:40-14:50 155 1023 21 3.0 142 1.80 14.2 14.2

average: 14.6 14.6
15:32-15:42 150 1025 23 4.5 137 1.60 13.1 14.3
16:27-16:38 205 1028 21 4.2 189 2.35 13.9 14.9
17:20-17:30 150 1020 19 4.5 138 1.70 13.8 15.1

average: 13.6 14.8
total 

average: 11.4 12.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
09:40-09:48 160 1019 23 4.6 145 1.60 12.4 13.6
10:45-10:53 165 1017 24 4.7 148 1.75 13.2 14.6
12:34-12:42 160 1017 24 4.7 143 1.85 14.5 16.0
15:12-15:20 160 1018 23 4.7 144 1.70 13.2 14.6
15:49-15:57 160 1018 24 4.7 143 1.65 12.9 14.2
16:25-16:33 160 1018 23 4.8 144 1.95 15.2 16.9
17:24-17:32 160 1017 23 4.6 144 1.95 15.2 16.7

average: 13.8 15.2

331 °F

331 °F

331 °F
331 °F
331 °F

port 7, 325 °F

331 °F

port 7, 325 °F

Table A3-2:  SO3 test results inter ESP, 10/02/2006 (all testing without ESP)

comment

331 °F

gas counter
3

(STP, dry)

ports 7, 10, 16

port 7, 325 °F

port 10, 308 °F
port 10, 308 °F

port 7, 325 °F

port 7, 325 °F

port 10, 308 °F

port 16, 365 °F

port 16, 365 °F
port 16, 365 °F

port 7, 325 °F, with ESP

port 7, 325 °F

port 16, 365 °F

SO3 concentration
(STP, dry)gas counter comment

Table A3-1:  SO3 test results at air heater outlet (ESP Inlet), 10/02/2006

port 7, 325 °F

port 10, 308 °F
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Annex 3.2: Individual Results of SO3 Baseline Testing (continued) 

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:20-10:28 160 1017 24 5.5 143 1.35 10.6 12.3
11:04-11:12 160 1017 24 5.6 143 1.45 11.3 13.3
12:10-12:18 160 1017 24 5.6 143 1.60 12.5 14.6
15:30-15:38 161 1018 24 5.6 145 1.40 10.8 12.7
16:09-16:17 160 1018 24 5.6 144 1.55 12.1 14.1
16:45-16:53 160 1018 23 5.6 144 1.60 12.5 14.6
17:06-17:14 160 1018 24 5.5 144 1.75 13.6 15.9

average: 11.9 13.9

test period titration
V p t O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
08:35-08:45 150 1020 21 7.5 137 0.60 4.9 6.6
08:55-09:04 150 1020 21 7.5 137 0.65 5.3 7.1
09:55-10:10 200 1022 22 7.5 182 1.05 6.5 8.6
10:20-10:33 200 1022 22 7.5 182 1.00 6.2 8.2

average: 5.7 7.6

reduced load
reduced load

reduced load
reduced load

Table A3-4:  SO3 test results ESP II Outlet, 10/03/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment

327 °F
327 °F
327 °F

327 °F
327 °F
327 °F
327 °F

Table A3-3:  SO3 test results ESP II Outlet, 10/02/2006 (all testing without ESP)

gas counter
3

(STP, dry) comment
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Annex 4.1: Individual Results of SO3 Testing during Sorbent Injection 

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
16:30-16:55 150 1017 22 5.7 136 1.10 9.1 10.7 with Injection
17:20-17:40 150 1014 22 5.6 135 1.00 8.3 9.7 with Injection
17:40 18:00 150 1013 22 5.6 135 1.05 8.7 10.2 with Injection

average: 8.7 10.2 with injection

test period titration
V p T O2 V0 Ba(ClO4)2 actual O2 3 % O2

[start - end] [L] [mbar] [°C] [Vol.-%] [NL] [mL] [ppm] [ppm]
10:10 - 10:30 150 1019 22 5.7 136 0.90 7.4 8.7
10:30 - 10:40 100 1017 22 5.8 90 0.60 7.4 8.8

average: 7.4 8.8
11:15 - 11:35 150 1014 22 5.7 135 0.85 7.0 8.3
11:35 - 11:55 150 1016 22 5.8 136 0.85 7.0 8.3
11:55 - 12:15 170 1016 22 5.6 154 0.95 6.9 8.1
12:15 - 12:35 150 1017 22 5.8 136 0.95 7.8 9.3
13:30 - 13:50 160 1019 22 5.6 145 0.95 7.3 8.6
13:50 - 14:10 150 1018 22 5.8 136 0.85 7.0 8.3

average: 7.2 8.5
14:55 - 15:15 160 1018 23 5.7 144 0.85 6.6 7.8
15:15 - 15:35 150 1017 23 5.8 135 0.80 6.6 7.9
15:35 - 15:55 150 1017 23 5.5 135 0.70 5.8 6.8
15:55 - 16:15 150 1019 23 5.7 135 0.70 5.8 6.8

average: 6.2 7.3
17:15 - 17:35 150 1018 23 5.7 135 2.05 17.0 20.0
17:35 - 17:55 150 1018 23 5.6 135 2.10 17.4 20.4

average: 17.2 20.2 normal. / 0 lb/h

drop temp. before pre-heater   
Injection = 500 lb/h

drop temp. before pre-heater   
Injection = 625 lb/h

normal temp.  before pre-heater 
Injection = 625 lb/h

normal temp.  before pre-heater
No injection

drop temp. / 500 lb/h

drop temp. / 625 lb/h

normal temp. / 625 lb/h

Table A4-2:  SO3 test results inter ESP, 11/01/2006 (all testing with ESP)
gas counter (STP, dry) comment

Table A4-1:  SO3 test results inter ESP, 10/31/2006 (all testing with ESP)

gas counter (STP, dry) comment
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1.0  INTRODUCTION AND SUMMARY OF RESULTS 

1.1 General Overview 

Eastmount Environmental Services, LLC of Newburyport, Massachusetts was retained by ADA-ES, 
Inc. of Littleon, CO to conduct non-compliance emission testing on their behalf at Public Service of 
New Hampshire’s (PSNH’s) Merrimack Station.  Testing was conducted in order to determine MK2 
emission rates as well as Removal Efficiency (RE) for Particulate Matter (PM) and halides (HCl, HF, 
HBr) while Trona and carbon were being injected.  A summary of the primary parties involved in this 
test program is presented in Table 1-1. 

1.2 Test Program Summary 

Emission testing consisted of one set of three 60-minute test runs conducted concurrently at the air 
pre-heater outlet (old ESP inlet) and the MK2 outlet stack platform.  Each test run was comprised of 
measurements for PM and halides at both test locations.  All measurements were conducted in 
accordance with EPA Methods 1 through 5 and 26A for PM and halides, respectively.   The average 
particulate removal efficiency for the test program was 99.13% while all three halides experienced a 
negative removal efficiency.  A complete summary of the air preheater outlet and MK2 outlet emission 
rates and removal efficiencies for each test run are presented in Tables 1-2 and 1-3, respectively. 

1.3 Final Report Organization 

The remainder of this Final Report is divided into three additional sections.  Section 2 provides a 
facility/source and sampling location description.  Section 3 provides a description of the flue gas 
monitoring procedures, while Section 4 addresses the quality assurance/quality control aspects of the 
program.  Copies of all supporting emission calculations and field data sheets for the air preheater and 
stack outlets are presented in Appendices A1 and A2, respectively; while all M5 and M26A laboratory 
analyses are presented in Appendices B1 and B2, respectively.  Additionally, facility process data is 
presented in Appendix C, while equipment certification sheets are presented in Appendix D.   
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Table 1-1 Test Program Informational Summary 

Station/Source Information 
Facility Name: 

Facility Address: 

Facility Contact: 
Phone: 

PSNH / Merrimack Station 
97 River Rd. 
Bow, NH 03304 
Mr. Roger Deshaies 
(603) 224-4081 x173 

Client Information 
Name: 

Address:

Primary Contact: 
Phone: 

ADA-ES, Inc. 
8100 South Park Way, Unit B 
Littleton, CO  80120 
Mr. Tom Campbell 
(303) 981-7287 

Test Firm Information 
Test Organization: 

Address:

Contact: 
Title:

Phone: 
FAX:

Eastmount Environmental Services, LLC 
65 Parker Street, Unit 3 
Newburyport, MA  01950 
Mr. David Caron 
Vice President/Monitoring Services 
(978) 499-9300 x11 
(978) 499-9303 
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Table 1-2  Air Pre-heater Outlet Emission Summary – MK2 

Parameter Units Run 1 Run 2 Run 3 Average

gr/dscf 1.63 1.33 1.08 1.35

lb/hr 9744.0 8999.0 6339.9 8361.0

ppm 33.09 22.77 41.88 32.58

lb/hr 130.18 101.45 162.13 131.26

ppm 4.52 3.23 5.56 4.44

lb/hr 9.76 7.89 11.82 9.82

ppm 0.17 0.11 0.19 0.16

lb/hr 1.48 1.13 1.65 1.42

Parameter Units Run 1 Run 2 Run 3 Average

Test Date MM/DD/YY 3/27/2008 3/27/2008 3/27/2008 -

Start Time HH:MM 8:35 11:55 15:10 -

End Time HH:MM 9:59 14:42 17:27 -

Stack Flow dscfh 41,684,806 47,201,164 41,019,929 43,301,966

Stack Temp F 340.3 351.2 340.3 343.9

Stack Moist. % 5.2% 6.8% 8.0% 6.6%

Stack Velocity ft/sec 42.9 50.5 43.9 45.7

Oxygen % 7.30 5.30 3.50 5.37

Carbon Dioxide % 11.50 14.00 14.20 13.23

Isokinetic Rate % 92.2 96.8 99.2 96.1

 - General Run Information -

 - Summary of Emissions Parameters - PSNH Merrimack Unit 2 Air Pre-Heater Outlet -

Particulate Matter

Hydrogen Bromide

Hydrogen Fluoride

Hydrogen Chloride
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Table 1-3  Stack Outlet Emission Summary – MK2 

Parameter Units Run 1 Run 2 Run 3 Average

gr/dscf 0.0172 0.0116 0.0081 0.0123

lb/hr 104.32 69.85 48.46 74.21

%RE 98.93 99.22 99.24 99.13

ppm 39.22 35.10 38.47 37.60

lb/hr 156.57 139.34 150.90 148.94
%RE -20.27 -37.35 6.93 -16.90
ppm 4.76 4.37 4.75 4.63

lb/hr 10.44 9.52 10.21 10.06

%RE -6.90 -20.67 13.55 -4.67

ppm 0.84 0.74 0.77 0.78

lb/hr 7.46 6.50 6.73 6.90

%RE -403.97 -476.87 -308.33 -396.39

Parameter Units Run 1 Run 2 Run 3 Average
Test Date MM/DD/YY 3/27/2008 3/27/2008 3/27/2008 -

Start Time HH:MM 8:35 11:55 15:10 -

End Time HH:MM 9:59 14:42 17:27 -

Stack Flow dscfh 42,295,317 42,057,113 41,560,073 41,970,834

Stack Temp F 339.3 339.3 339.3 339.3

Stack Moist. % 5.5% 6.4% 7.3% 6.4%

Stack Velocity ft/sec 93.1 93.4 93.1 93.2

Oxygen % 7.70 7.50 7.00 7.40

Carbon Dioxide % 11.00 11.50 11.50 11.33

Isokinetic Rate % 93.5 100.0 100.1 97.9

 - General Run Information -

 - Summary of Compliance Parameters - PSNH Merrimack Unit 2 Stack -

Particulate Matter

Hydrogen Bromide

Hydrogen Chloride

Hydrogen Fluoride
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2.0  FACILITY / SOURCE DESCRIPTION AND SAMPLING POINT LOCATIONS 
SUMMARY

2.1 Facility Description 

Merrimack Station is a fossil fuel fired electric generating facility located in Bow, New Hampshire.  
Merrimack Station is PSNH’s prime base load plant, capable of generating 475 net megawatts of 
electricity.  Merrimack Station is comprised of two coal-fired cyclone utility boilers (MK1 and MK2), two 
combustion turbines presently operating as load shaving units (CT1 and CT2), an emergency boiler, 
an emergency generator, primary and secondary coal crushers, and the necessary support equipment 
to generate electricity.   

2.2 Source Description – MK2 

Unit 2 is a multiple cyclone (7) coal-fired utility boiler rated at 320 MW net.  The emission controls for 
the unit consist of two Electrostatic Precipitators (ESPs), operated in series, for reduction of particulate 
emissions and a Selective Catalytic Reduction (SCR) system for reduction of NOx emissions.  Unit 2 is 
equipped with a dilution based CEMS located on the exhaust stack.  The CEMS measures and reports 
opacity, CO2, SO2, NOx and gas flow rate in accordance with Part 75 requirements. 

2.3 Sampling Configuration – MK2 Air Pre-Heater Outlet 

Simultaneously with stack sampling, Eastmount conducted testing in accordance with EPA Method 1-5 
and 26A at the air pre-heater outlet (old ESP inlet).  This location consists of two horizontal breechings 
that are each 33’ 10” wide and 6’ 4” deep.  Each breeching has multiple sampling ports.  Eastmount 
selected four ports on each breaching and conducted a preliminary velocity traverse in accordance 
with Method 1 point selection at three traverse points per port, for a total of 24 traverse points.  From 
the preliminary traverse, ports B, D and G were selected as being the most representative and one test 
run was conducted via a three point traverse during each test run.   A schematic detailing the duct 
configuration and associated traverse points is presented in Figure 2-1. 

2.4 Sampling Configuration – MK2 Stack 

During the test program, Eastmount conducted measurements at the stack platform location in 
accordance with the requirements of EPA Methods 1-5 and 26A.  Due to the large nature of the stack 
Eastmount utilized all four test ports (located at 90 degrees to each other) during each test run.  A 
schematic detailing the stack configuration as well as the applicable traverse points is presented in 
Figure 2-2.
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Figure 2-1 Sampling Configuration/Traverse Point Selection – MK2 Air Pre-Heater Outlet 

Stack Configuration (Per Breaching) 

Description Distance Equivalent Diameters 

Upstream (A) 6‘ n/a 

Downstream (B) n/a n/a 

Width (C) 33’ 10” NA 

Depth (D) 6’ 4” NA 

Equivalent Diameter 10.7’ 

Number of Ports / 
Breeching 4

Traverse Points (per diameter) 

Traverse Points % of diameter Distance (inches) 

1 n/a 12.7 

2 n/a 38.0 

3 n/a 63.3 

Note:   Fixed gases were determined via Fyrite (Method 3) analysis of integrated 
bags collected from points selected in accordance with EPA Method 1. 

D

C
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Figure 2-2 Sampling Configuration/Traverse Point Selection – MK2 Stack Outlet 

Stack Configuration 

Description Distance Equivalent Diameters 

Upstream (A) 88’ 5.4 

Downstream (B) 149’ 9.2 

Diameter (C) 194” NA 

Number of Ports 4 NA 

Traverse Points (per diameter) 

Traverse Points % of diameter Distance (inches) 

1 4.4 12.5 

2 14.6 32.3 

3 29.6 61.4 

4 70.4 140.6 

5 85.4 169.7 

6 95.6 189.5 

Note:   Fixed gases were determined via Fyrite (Method 3) analysis of integrated 
bags collected from points selected in accordance with EPA Method 1. 

Exit

A

B

Flow

C

Sampling Ports 
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3.0   TEST PROCEDURES 

3.1 Overview 

This section provides in depth detail to each of the components that as a whole comprised the 
compliance test program.   

3.2 Methods 1-2 (Velocity and Temperature Profile) 

All mass based emission limits during this test program required Eastmount to conduct velocity 
traverses in accordance with EPA Methods 1-2, 40CFR60, Appendix A.  The system components 
necessary to conduct this testing are detailed below.  

� Pitot Tube - A Type “S” pitot tube was used to measure all gas velocities during the 
compliance test program.  The pitot tubes met all of the dimensional criteria set forth in Method 
2, therefore a coefficient of 0.84 was used. 

� Pitot Lines - The pitot tube was connected to a manometer via leak free Tygon and/or teflon 
tubing. 

� Manometer - An inclined manometer capable of measuring up to ten inches of water column 
pressure drop was used. 

� Thermocouple - A "K" type thermocouple was used to monitor the stack temperature at each 
traverse point.  

� Static Pressure – One static pressure measurement was conducted during each test run by 
rotating the pitot tubes perpendicular to the direction of flow, disconnecting the negative pitot (if 
positive) and recording the deflection of the manometer. 

� Barometric Pressure - The barometric pressure was determined on-site using an aneroid 
barometer that is previously calibrated at Eastmount's laboratory using a NIST traceable 
mercury barometer. 

� Gas Molecular Weight Determination - The O2 and CO2 content of the sample gas was 
determined via Fyrite analysis conducted in accordance with EPA Method 3, 40CFR60, 
Appendix A.  Prior to analysis, the sample was collected via a multipoint integrated collection 
procedure.  The sample was collected from the exhaust port of the Method 5/26A sampling 
train dry gas meter which allows a portion of the stream to be diverted through a rotameter and 
into a flexible (tedlar bag). 
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3.3 Method 4 (Moisture) 

Moisture from each isokinetic sampling train (Method 5/26A) was determined in accordance with 
procedures delineated in Section 2 (Reference Method) of EPA Method 4, 40 CFR 60, Appendix A.  A 
synopsis of the procedure is presented below. 

1. Sample Train Preparation – Sample train preparation consisted of the following: 

� Initially load train in accordance with Method 26A absorbing solutions (total of 
200ml). 

� Place 200 grams of silica gel in the last impinger. 
� Record Initial volumes and weights on the field data for each impinger. 
� Assemble entire sampling train. 

2. Pre-Test Leak Check - The system was leak checked at fifteen inches of vacuum 
(15"Hg).  A leak rate of less than 0.02 CFM was achieved prior to the start of sampling. 

3. Sampling – Collected a sample at an approximate rate of 0.75 dscfm.  Recorded 
sample gas volume, system vacuum and dry gas meter temperatures (in and out) at 
regular intervals for the duration of each test run.  

4. Post-Test Leak Check - Upon completion of each test run, the system was leak 
checked at or above the highest vacuum recorded during that run.  All leak checks had 
to be less than 0.02 CFM to be considered acceptable. 

5. Sample Recovery - The impingers were recovered quantitatively for determination of 
net condensate gain. 

3.4 Method 5 (Particulate Matter) 

Particulate matter was measured using EPA Methods 1 through 5.  Particulate was measured in 
conjunction with the EPA Method 26A train.  Method 5 measurements include the determination of 
the proper number of sampling points and their locations in the stack (RM1), stack velocity and 
volumetric flow rate (RM2), stack gas molecular weight (RM3) and stack gas moisture content 
(RM4).  The train was an EPA Method 5-type isokinetic sampling train.  Sampling was conducted 
isokinetically for a period of 60 minutes per run, collecting a minimum of 30 dry standard cubic feet. 

The sampling train consisted of a metals nozzle, Teflon-coated stainless steel union, graphite 
ferrule, heated glass-lined probe, a glass filter holder, heated quartz glass filter, Teflon filter support, 
and a series of impingers.  Please refer to Section 3.5 for a description of the impinger 
configuration.  All glassware was thoroughly cleaned and sealed as per EPA Methods 5 and 26A 
prior to mobilization.   
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All filters and beakers were weighed before and after sampling in strict accordance with the Method 
and the EPA Quality Assurance Handbook.  They were desiccated for at least 24 hours, and then 
weighed at six-hour intervals until two consecutive weighings demonstrated a constant weight, +
0.5 milligrams.   

Prior to sampling, the K-factor was established, the train was assembled and leak checked.  After 
the probe and filter box reached the desired operating temperature, the probe was placed in the 
stack, and isokinetic sampling took place. 

At the completion of isokinetic sampling, the train was leaked checked, disassembled, and sealed.  
All train recovery procedures were be conducted in accordance with EPA Method 5.  The filter was 
carefully removed from the filter holder, placed in a labeled petri dish and stored in a portable 
desiccator.  The nozzle, probe and filter holder front half were thoroughly brushed and rinsed with 
acetone into a container labeled for identification.  Volumes were noted and liquid levels marked. 

A set of reagent blanks were also taken for analysis along with the samples. The impinger 
condensate was measured in a graduated cylinder for determination of moisture in the flue gas. 

Particulate samples were analyzed gravimetrically at Eastmount Environmental in accordance with 
the method.  The acetone rinses were evaporated to dryness in tared beakers.  All filters and 
beakers were desiccated before and after sampling for 24 hours, and weighed at 6-hour intervals 
until two consecutive weights were within +0.5 mg.  Additional information can be found in the 
Quality Control Procedures section of this report.   

3.5 Hydrogen Chloride, Hydrogen Fluoride, and Hydrogen Bromide  -  EPA Method 26A 

HCl, HF and HBr emissions were measured utilizing EPA Method 26A at the back half of the EPA 
Method 5 train.  This method utilizes a Method 5-type isokinetic sampling train with a glass nozzle, 
Teflon union (or Teflon-coated stainless steel union), glass-lined probe, a glass filter holder, heated 
quartz filter with Teflon support frit and five impingers.  The first and second impingers were each 
loaded with 0.1N sulfuric acid (H2SO4).  The third was empty.  The fifth impinger contained a known 
amount of silica gel. 

Prior to mobilization, all glass and Teflon train components were thoroughly cleaned in hot soapy 
water, thoroughly rinsed with DI water, allowed to dry, and sealed with parafilm. 

In accordance with the method, all four impingers were measured before and after sampling and 
the data recorded.  The first and second impinger solutions were quantitatively recovered from the 
train using deionized water, and transferred to a glass sample bottle with a Teflon-lined lid.  These 
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impingers and their connecting glassware were rinsed three times with deionized water into the 
sample jar.  Impinger 3 was measured for moisture gain, and the contents along with three DI H2O
rinses were added to the sample jar.  The contents of impinger four were weighed and discarded. 

Samples were analyzed via ion chromatography by Maxxam Analytics of Burlington, Ontario.   
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4.0  QUALITY ASSURANCE/QUALITY CONTROL 

4.1 Overview 

Strict QA/QC protocols were followed during all phases of this project.  These protocols included: 

 • QA objectives for measurement data; 

 • Data reduction; 

 • Internal QC; 

 • Calibration of equipment; 

 • Corrective action, if necessary; and 

 • Use of standardized field data sheets. 

The following sections summarize specific aspects of the compliance program. 

4.2 Volumetric Flow Rate  

The reference method sample trains were leak-checked prior to and following each test run.  This 
ensured that a representative sample from the stack was drawn during each run. 

Reference Method 1 was used for the selection of traverse points.  Method 2 was used for the 
determination of volumetric flow.  Method 3 was used for the collection of fixed gases during each test 
run and Method 4 was used for the determination of moisture. 

4.2.1 Methods Equipment Calibrations 

Eastmount’s meter boxes, pitot tubes, thermocouples and barometers are maintained in accordance 
with specifications set forth in EPA "Quality Assurance Handbook for Air Pollution Measurement 
Systems - Volume III Stationary Source Specific Methods" Section 3.3.5 dated January 15, 1980 and 
with manufactures suggested procedures.  A summary is presented below: 

� Dry Gas Meter and Orifice Meter/EPA Method 5 – All dry gas meters are calibrated using 
calibrated critical orifices, according to CFR 40, Part 60, Appendix A, Method 5, Section 16.2. 
The orifice meters in the meter control boxes are calibrated against the calibrated critical 
orifices and checked against the dry gas meters to which they are attached. 

� Balance - All analytical balances are calibrated against Class M weights.  A daily onsite check 
is also conducted using a Class S weight. 



Work Performed for ADA-ES at PSNH / Merrimack Station - Bow, NH 
Particulate and Halide Removal Efficiency Testing during Trona and Carbon Injection, MK2 – Final Report 

May 2008 
P:\2008 Projects\08-049\REPORT\08-049 final report.doc

4-2 

� Thermocouples - All type K thermocouples are calibrated against ASTM mercury in glass 
thermometers at three points. The first point is in an ice bath (0ºC), the second point is in boiler 
water (100ºC) and the third point is in heated oil (~220ºC). 

� Pitot Tubes - All Type "S" stainless steel pitot tubes are designed to meet the dimensional 
criteria set forth in Method 2, therefore a coefficient of 0.84 (Type “S”) was used. 
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Sulfuric Acid Mist Emissions Test Report  PES Project No.: M081310 
Public Service of New Hampshire – Merrimack Generating Station March 26 through 28, 2008 

1.0 Introduction 
PLATT ENVIRONMENTAL SERVICES, INC. (PES) conducted a sulfuric acid 
mist emissions test program at the Public Service of New Hampshire (PSNH) 
Merrimack Generating Station on Unit 2 in Bow, New Hampshire on March 26 
and 28, 2008. This report summarizes the results of the test program and test 
methods used. 

The test locations, test parameters, test dates are summarized below. 

Test Overview 

Test Locations Test Parameter Test Dates 
Unit 2:  

SCR Inlet, SCR Outlet, Air 
Preheater Outlet, Primary ESP 
Outlet, Secondary ESP Outlet 

Sulfuric acid mist (SO3 as 
H2SO4)

March 26 through 28, 2008 

The identification of individuals associated with the test program is summarized 
below.

Location Address Contact 
Test
Coordinator 

ADA-ES, Inc. 
8100 South Park Way 
Unit B 
Littleton, Colorado, 80120 

Mr. Tom Campbell 
Manager, DOE Demonstrations 
303-734-1727 (phone) 
303-734-0330 (fax) 
tomc@adaes.com 

Testing
Company 
Representative 

Platt Environmental Services, Inc. 
371 Balm Court 
Wood Dale, Illinois 60191 

Mr. Eric L. Ehlers 
(630) 521-9400 (phone) 
eehlers@plattenv.com 

The test crew consisted of Messrs. L. Sorce and E. Ehlers of PES. 

1
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2.0 Executive Summary 
Selected results of the test program are summarized below, in Table 1. A 
complete summary of emission test results follows the narrative portion of this 
report.

Three test runs were performed at each of the below test locations with trona 
injection of 500 lbs/hr, and the supplementary ESP outlet was rerun with a trona 
injection rate of 1000 lbs/hr. 

Table 1 
Test Results 

Parameter Test Location Condition Particulate 
Phase 

Gaseous 
Phase 

Sulfuric Acid Mist (ppm 
SO3 as H2SO4)

Unit 2 SCR Inlet 500 lbs/hr 
trona injection 

rate

4.23 12.13 

Unit 2 SCR Outlet 5.71 8.52 

Unit 2 Air Preheater 
Outlet 

3.96 6.68 

Unit 2 Primary ESP 
Outlet 

2.89 6.40 

Unit 2 Supplementary 
ESP Outlet* 

2.93 7.56 

Unit 2 Supplementary 
ESP Outlet 

1000 lbs/hr 
trona injection 

rate

1.69 3.37 

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and 
results of particulate and gaseous phase SO3 are presented as one number.
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3.0 Test Methodology 
Emissions testing was conducted following the methods specified in 40 CFR, 
Part 60, Appendix A. A schematic of the sampling train used and copies of field 
data sheets for each test run are included in the Appendix. 

The following methodology was used during the test program: 

Consol Controlled Condensate Sulfuric Acid Mist (SO3)
Determination
Stack gas sulfuric acid mist (SO3) concentrations were determined in accordance 
with the Consol Controlled Condensate Method. An Environmental Supply 
Company, Inc. sampling train was used to sample stack gas, in the manner 
specified in the Method.

The flue gas was extracted through a quartz-lined probe fitted with a quartz wool 
plug to remove particulate matter. SO3 was then collected as the sample gas 
passed through a hot water cooled condenser that was also loosely packed with 
quartz wool. The condenser assembly was maintained at a temperature of 
140oF. The sample was then passed through impingers loaded with 3% H2O2 to 
capture the sulfur dioxide (SO2) passing through the system. The impingers were 
placed in an ice bath to maintain the exit gas from the last impinger containing 
silica gel below 68°F. Maintaining the temperature increases the efficiency of the 
silica gel in drying the metered gas. A leak check of the entire sample train was 
performed at a vacuum greater than the sampling vacuum after each sampling 
run in order to determine if any leakage had occurred during the test run. A 
leakage rate not in excess of 2% of the average sampling rate is considered 
acceptable.  

Samples were recovered as follows: the quartz wool particulate plug was 
removed and the probe was rinsed with an 80% IPA solution and placed in one 
bottle, the quartz wool plug in the condenser coil was removed and the coil was 
rinsed with 80% IPA, and the impingers were measured for moisture 
determination and the H2O2 solution was kept for potential analysis for SO2
concentration.

Samples were then taken to the plant laboratory and analyzed Mr. E. Ehlers of 
PES utilizing a barium thorin titration.  Both particulate phase and gaseous phase 
SO3 samples were brought up to a known volume and titrated as required by 
USEPA Method 6. 

3
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4.0 Test Result Summaries 

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 1.05 0.01023 50 10 4.13 1.15E-06 5.52
2 9:45-10:30 0.20 0.01023 50 10 4.08 2.21E-07 1.06
3 10:55-11:40 1.10 0.01023 50 10 3.92 1.27E-06 6.10

Average 4.23

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 8:35-9:20 2.10 0.01023 100 20 4.13 2.30E-06 11.05
2 9:45-10:30 2.60 0.01023 100 20 4.08 2.88E-06 13.84
3 10:55-11:40 2.075 0.01023 100 20 3.92 2.39E-06 11.50

Average 12.13

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Inlet Duct

3/28/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.45 0.01023 200 20 4.31 9.43E-07 4.54
2 15:00-15:45 0.80 0.01023 200 20 4.81 1.50E-06 7.23
3 16:02-16:47 0.50 0.01023 200 20 4.06 1.11E-06 5.35

Average 5.71

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 13:57-14:42 0.85 0.01023 220 20 4.31 1.96E-06 9.43
2 15:00-15:45 1.20 0.01023 100 20 4.81 1.13E-06 5.42
3 16:02-16:47 1.00 0.01023 200 20 4.06 2.22E-06 10.70

Average 8.52

Public Service of New Hampshire - Merrimack Station
Unit 2 SCR Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 0.50 0.01023 100 20 4.28 5.27E-07 2.54
3 11:20-12:05 0.40 0.01023 100 20 4.23 4.27E-07 2.05

Average 3.96

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 9:05-9:50 0.70 0.01023 200 20 4.17 1.52E-06 7.29
2 10:15-11:00 1.40 0.01023 100 20 4.28 1.48E-06 7.11
3 11:20-12:05 1.10 0.01023 100 20 4.23 1.17E-06 5.65

Average 6.68

Public Service of New Hampshire - Merrimack Station
Unit 2 Air Preheater Outlet Duct

3/27/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.55 0.01023 100 20 4.06 6.11E-07 2.94
2 16:15-17:00 0.40 0.01023 100 20 4.12 4.38E-07 2.11
3 17:20-18:05 0.70 0.01023 100 20 4.21 7.51E-07 3.61

Average 2.89

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:15-16:00 0.65 0.01023 100 10 4.06 1.45E-06 6.96
2 16:15-17:00 1.15 0.01023 100 20 4.12 1.26E-06 6.06
3 17:20-18:05 1.20 0.01023 100 20 4.21 1.29E-06 6.19

Average 6.40

Public Service of New Hampshire - Merrimack Station
Unit 2 Primary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil
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Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.45 0.01023 100 10 6.84 5.94E-07 2.86
2 13:00-13:45 0.40 0.01023 100 10 5.82 6.20E-07 2.99
3* 14:05-14:50 0.00 0.01023 100 10 4.00 0.00E+00 0.00

Average 2.93

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 11:45-12:30 0.95 0.01023 100 10 6.84 1.25E-06 6.03
2 13:00-13:45 0.95 0.01023 100 10 5.82 1.47E-06 7.09
3* 14:05-14:50 1.00 0.01023 100 10 4.00 2.26E-06 10.86

Average 6.56

* Test 3 not included in the average as the particulate quartz plug was pulled into the coil and results of particulate 
and gaseous phase SO3 are presented as one number.

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/26/08
500 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.55 0.01023 50 10 4.24 5.86E-07 2.82
2 16:05-16:50 0.20 0.01023 50 10 4.28 2.11E-07 1.02
3 17:00-17:45 0.25 0.01023 50 10 4.41 2.56E-07 1.23

Average 1.69

Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3 C SO3 (lbs/dscf) ppm SO3

1 15:05-15:50 0.75 0.01023 100 20 4.24 7.98E-07 3.84
2 16:05-16:50 0.65 0.01023 100 20 4.28 6.86E-07 3.30
3 17:00-17:45 0.60 0.01023 100 20 4.41 6.14E-07 2.96

Public Service of New Hampshire - Merrimack Station
Unit 2 Supplementary ESP Outlet Duct

3/28/08
1000 lbs/hr Trona Injection Rate

Consol Controlled Condensate Titration Results Summary

Particulate Phase SO3, 80% IPA probe rinse

Gaseous Phase SO3, 80% IPA Condenser Coil

Average 3.37
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5.0 Conclusion and Certification 
PLATT ENVIRONMENTAL SERVICES, INC. is pleased to have been of service 
to ADA-ES. If you have any questions regarding this test report, please do not 
hesitate to contact us at 630-521-9400. 

CERTIFICATION 

As project manager, I hereby certify that this test report represents a true and 
accurate summary of emissions test results and the methodologies employed to 
obtain those results, and the test program was performed in accordance with the 
methods specified in this test report. 

PLATT ENVIRONMENTAL SERVICES, INC. 

__________________________________ Program Manager 
  Eric L. Ehlers 

__________________________________ Quality Assurance 
  Scott W. Banach 
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APPENDIX Q:  Calculation Methodology 

 



Calculations 

C.1 Standard Calculations 

C.1.1 Sorbent Injection Concentration 
The convention for describing the concentration of sorbent injected into a duct is pounds per 
million actual cubic foot of flue gas or lb/MMacf. This value is referred to as the “injection ratio” 
or the “injection concentration.”  The actual mass flow rate of sorbent is therefore dependent on 
the total volumetric flow of flue gas at the point of injection.  The mass flow rate is determined 
by the following calculation: 
 

60*
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where, 

sorbentm�  lb/hr mass feed rate of sorbent 

fluegasQ�  acfm volumetric flow rate of flue gas 

Ratio lb/MMacf sorbent injection ratio 
60 min/hr conversion factor 

 
If the flue gas flow is provided in standard cubic feet per minute (scfm), the flowrate at actual 
temperature can be calculated as follows: 
 
acfm = scfm *(459 + Ti)/(459+ 68) C-2 
where Ti = temperature n degrees Fahrenheit at the injection location. 
 
The actual injection ratio can be calculated as follows: 
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C.1.2 Coal Mercury Concentration Conversion 
The mercury concentration of the coal is typically reported by the lab in ng/g or μg/g.  To 
convert ng/g to lb/TBtu, the gross calorific value (GCV) of the coal must be measured and both 
the mercury concentration and GCV must be on the same moisture basis (i.e. both dry or both 
wet).  The following equation described the conversion: 
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where I = Hg lb/Tbtu, W = Hg ng/g 
 
For example, if the coal mercury concentration were 54.3 ng/g and the GCV were 11942, both 
on a dry basis, then 
I Hg = 54.3 ng/g /11942 * 103 = 4.55 lb/Tbtu 
 



C.1.3 Flue Gas Mercury Concentration Conversion 
Thermo CEMS data are measured in μg/wetsm3 and using guidelines provided in Method 19 in 
Appendix A to Part 60, which uses an EPA F Factor and CO2 values, one can convert into units 
of lb/TBtu.  Note than TBtu equals 1012

 Btu, or 106
 MMBtu.  An F factor is the ratio of 

combustion gas volume to heat inputs, and it is used to calculate emission rates from 
concentrations.  

CO2 based F-factor (FC) 
 
If the CO2 concentration is measured on a wet basis: 
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Where, 
E  = emission rate in lb/TBtu 
Cw  = mercury concentration, wet basis, in lb Hg/scf.  Convert from the CEMS basis of 
μg/wsm3 as follows: 
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%CO2w = concentration of CO2 on a wet basis, in % 
Fc  = carbon dioxide-based F factor, in scf CO2/MMBtu 
 

The Fc factor is calculated using the following equation: 

Fc  = 0.321*106*(%C)/GCV C-7 

Where, 
%C  = concentration of Carbon in coal, % dry basis  
(from ultimate analysis if available) 
GCV = gross calorific value, Btu/lb dry basis 

 
If the CO2 concentration is measured on a dry basis, you must adjust for the moisture fraction in 
the flue gas as follows: 
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All terms are the same as above with the exception of 
Bws = moisture fraction of the flue gas, in % 
%CO2d = concentration of CO2 on a dry basis, in % 

 



O2 based F-factor (Fd) 
 
If the O2 concentration is measured on a wet basis: 
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If the O2 concentration is measured on a dry basis, you must adjust for the moisture fraction in 
the flue gas as follows: 
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The FD factor is calculated using the following equation: 

61046.014.057.053.164.3 100013
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Where  WH = fraction of hydrogen in the coal 
 WC = fraction of carbon in the coal 
 WS = fraction of sulfur in the coal 
 WN = fraction of nitrogen in the coal 
 WO = fraction of oxygen in the coal 
 HHV = higher heating value of the coal in lb/BTU 

Cw is calculated as described above in Equation C-6. 



C.1.4 Mercury Removed by Fly Ash 
The mercury concentration in the fly ash is typically measured in ng/g.  This can be converted to 
lb/TBtu using the following technique: 
 

Eash = )/(10)/(10100/% 912
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Where  Eash is the mercury collected by the ash in lb/TBtu 
 %A is the fraction of ash in the coal sample 
 GCV is the gross caloric value in lb/Btu 
 K1 is the fraction of ash entering the ESP (nominally 0.85 for PC plants) 

K2 is the collection efficiency of the first collection field (nominally 0.8 for many 
ESPs) 

 Cash is the concentration of mercury in the ash, ng/g 
 


