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1.0 SCOPE AND EXECUTIVE SUMMARY 

A demonstration of As Low As Reasonably Achievable Control Technology (ALARACT) was 
performed for the existing Double Shell Tank (DST) farm primary ventilation systems in support of 
the Single Shell Tanks (SSTs) Interim Stabilization Project. The primary ventilation systems 
evaluated in this ALARACT are located at the 241-AW, AN, AP, and SY tank farms. Of these 
farms, only the AP and SY farms are scheduled to receive SST waste prior to new ventilation 
systems being installed at the farms. As a result, full evaluations were performed for the 241-AP 
and SY systems, whereas only partial evaluations were performed for the 241-AN and AW systems. 
The full evaluation included the evaluation of the stack sampling system, whereas the partial 
evaluation did not. Also, 241-AY and AZ are not scheduled to receive SST waste so they were both 
excluded completely from the evaluation. 

This ALARACT demonstration evaluated the ability of the abatement and control technologies in 
the DST ventilation systems identified above to function during SST waste transfers as part of the 
SST Interim Stabilization Project. Where available, field data (waste temperatures) gathered during 
actual saltwell pumping activities, were used to support this demonstration. Also used were other 
process data and equipment capacities associated with the system evaluation. Where actual field 
data were not available, conservative assumptions, based upon process knowledge and standard 
engineering calculation methodologies, were used. 

The DST ventilation systems were also evaluated for compliance against the technology standards 
identified in Washington Administrative Code (WAC) 246-247, Radioactive Air Emissions, as well 
as other governing codes and standards. 

The radionuclide emissions of concern when saltwell pumping liquid waste from a SST into a DST 
will be in the form of particles. This is based on process knowledge of the radiological content of 
the DSTs and SSTs and previously permitted activities such as "Saltwell Pumping Tanks 241-SX- 
101,241-SX-102,241-SX-103," AIR 00-108 (Ref. 7) and "Rotary Mode Core Sampling [RMCS] 
Systems 3 & 4, Rev.1" AIR 98-301 (Ref. 8). These State of Washington Department of Health 
(WDOH) approvals concur with the conclusion that radionuclides in particulate state comprise well 
over 90% of the potential emissions from these tanks. 

The primary control technology to abate the release of particulate emissions is high-efficiency 
particulate air (HEPA) filters. HEPA filters are used at Department of Energy (DOE) and 
commercial nuclear sites to control particulate emissions, and have extensive and successful 
operating history. 

Each exhaust train in the DST farms contains two Nuclear Grade HEPA filters in series. Each 
HEPA filter is made of Nuclear Grade throw-away dry-type extended-media in a rigid frame having 
minimum particle collection efficiency of 99.97% for 0.3-pm median diameter, thermally generated 
mono-dispersed dioctylphthalate particles or other specified challenge aerosols. Pressure drop of a 
clean filter is a maximum of 1-inch water gauge at rated flow. In addition, the HEPA filters meet 
the requirements of ASME AG-1, Section FC and are tested in-place annually to the requirements 
of ASMEN510 (Ref. 9), with guidance from ERDA 76-21 (Ref. lo), for an efficiency of 99.95%. 

1 



RPP-9782 
Rev. 0 

SST waste transfers into the DSTs will be liquid waste transported by way of pipes. The waste will 
be introduced into the DSTs either by falling directly through the vapor space of the tank by way of 
a tank riser, or discharged below the surface of the waste. In either case, changes to the DST vapor 
space will occur. These changes include environment changes, such as temperature, en-trained 
moisture (e.g., aerosol particles), and humidity. This evaluation focused on the free falling type of 
discharge method into the tank vapor space because this transfer method is the bounding condition 

The following environmental changes to the vapor space were identified as having possible effects 
on the control technologies of the ventilation system. 

1. Increased radionuclide particles in the vapor space. The ventilation system must safely 
remove radioactive particulate from the air-stream before this stream is released to the 
atmosphere. 

Liquid SST waste transfers into the DSTs easily possess the potential to increase the 
moisture content in the vapor space of the DST. This will also result in an increase in the 
moisture of the air stream being pulled from the vapor space and may lead to increased 
condensation in the ductwork and housings. 

2. 

An increase in the particle concentration in the vapor space due to SST waste transfers will not 
affect the function of the HEPA filters. 

An increase in the moisture content of the air stream (due to SST waste transfer) has the potential to 
affect the performance of the HEPA filters. The primary concerns from the increased moisture is 
plugging of the filters due to condensation on the filter face and pooling in the filter housing. 

The ventilation systems use several technologies to prevent and/or minimize condensation in the 
exhaust train. The three primary moisture control technologies are: 

De-misters (removes entrained water particles from the air stream) 
Heaters (to decrease the relative humidity of the air stream) 
Drain lines (to remove pooling condensate) 

An extensive evaluation (Attachment 1) of these technologies and their ability to remove the 
moisture in the air stream during SST waste transfers was performed as part of this ALARACT 
demonstration. Environmental variables such as temperature (both air stream and ambient), 
moisture content in the air stream (both humidity and entrained particles) and the size of the water 
particles in the air stream were evaluated. 

The ability of the de-misters to remove the aerosols in the air stream generated by SST waste 
transfers was evaluated (Attachment 1). It was determined that the de-misters are capable of 
handling the increased water particles generated during SST waste transfers. 

Extreme conditions were used to evaluate the possible condensation in the exhaust trains. 
Measurement data and standard heat transfer equations were used to perform the evaluation. As 
part of the evaluation, ‘‘unusually’’ warm air at 100% relative humidity (RH) was assumed to enter 
the exhaust trains. The air was then subjected to “extreme” heat loss conditions. It was determined 
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that the drain lines in the SY (primary A-train system), AP, and AW farms are sufficient to handle 
the condensation predicted from the above conditions. However, the AN system does not have 
drains in the filter section of the housing or the fan housing. 

The ability of the heaters to reduce the condensation through the filter housing was evaluated. 
Again, extreme heat loss through the filter housing was used. For the AP, AN, AW, and SY 
(primary A-train) exhausters it was determined that the heaters maintained the air stream above the 
dew-point temperature until the end of the filter housing, downstream of the last filter. Therefore, 
the heaters in all of the exhausters evaluated reduce the possibility of condensation on the filters and 
help prevent failure and degradation from plugging. 

The four ventilation systems were evaluated for compliance against the technology standards 
identified in WAC 246-247, Radioactive Air Emissions, as well as other governing codes and 
standards. A compliance matrix for the four farms was compiled and is presented as Attachments 2 
through 19 to this demonstration. The results of the evaluation indicate several deviations are 
necessary due to the lack of documentation to show whether the component meets the requirement. 
All of the components identified with “Deviation Required” are considered acceptable based on past 
successful operating history. Concurrence of this ALARACT demonstration by the State of 
Washington Department of Health constitutes approval of the deviations. See the attached tables 
for the details on this evaluation. See Section 4.3 for details. 

3 
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2.0 INTRODUCTION AND BACKGROUND 

The Hanford Site is a Department of Energy (DOE) facility located northwest of Richland, 
Washington. The DSTs are located in areas identified as the 200 East and the 200 West Areas. 
There are a total of 28 underground DSTs in the two areas, each with a nominal capacity of one 
million gallons. Three of the DSTs are located in the 200 West Area, 241-SY tank farm. The 
remaining 25 are located in the 200 East Area. The five East Area tank farms contain the following 
numbers oftanks: 7 in 241-AN, 8 in 241-AP, 6 in 241-AW, 2 in 241-AY and 2 in 241-AZ. The 
primary DST ventilation systems that are being evaluated in this ALARACT demonstration are all 
located in the AN, AP, AW, and SY tank farms. 

The DSTs are designed to contain various types of mixed radioactive waste including; high-level 
waste (HLW), low-activity waste (LAW), and high heat generating waste. The waste types consist 
of both organic and inorganic compounds that have been generated by various processes used at the 
Hanford Site. 

Work is currently underway to resolve tank waste safety and environmental issues as part of the 
Hanford Site’s mission of safe storage of nuclear waste, as well as, the overall clean-up of the site. 
This work includes the transfer of liquid waste from Hanford SSTs to the DSTs. 

SST waste transfers into the DSTs will be liquid waste transported by way of pipes. The waste will 
be introduced into the DSTs either by falling directly through the vapor space of the tank by way of 
a tank riser, or discharged below the surface of the waste. In either case, changes to the DST vapor 
space will occur. These changes include environment changes, such as temperature, en-trained 
moisture (e.g., aerosol particles), and humidity. This evaluation focused on the free falling type of 
discharge method into the tank vapor space because this transfer method is the bounding condition. 

4 
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3.0 DESCRIPTION OF THE VENTILATION SYSTEMS 

The ventilation for each DST tank farm consists of two completely separate systems: (1) the 
primary tank ventilation system, and (2) the annulus space ventilation system. This ALARACT 
Demonstration evaluates only the primary ventilation system for each DST tank farm identified in 
the scope, Section 1 .O. 

The primary ventilation systems for the four DST tank farms evaluated in the ALARACT consist of 
the following subsystems: 

Air Inlet Subsystem 

Condensate collection system 

Tank exhaust ductwork and header 
Exhaust air moisture removal components 
Exhaust trains (containing heaters, filters and fans) 
Exhaust stack (containing sampling and monitoring equipment) 

The subsystems and their major components are outlined in the following sections. 

3.1 Air Inlet Subsystems 

Outside air is drawn into the DST vapor space through either one, or a combination of, inlet filters 
or miscellaneous in-leakage pathways. 

All of the tanks located in the 241-AN and AW farms are equipped with filtered inlet stations. The 
inlet stations consist of a filter housing containing a pre-filter, a HEPA filter, an 
isolatiodmodulating damper and a component known as a Constant Flow Device (CFD). The CFD 
is a passive component that adjusts automatically to changes in pressure, thus allowing a constant 
flow to be drawn through the device. Since the device is passive, with no reliance on electrical 
power or manual manipulation, it is considered a very stable and reliable component. The inlet 
stations are connected to tank risers, which are direct connections to the tank vapor space, To 
maintain a desired vacuum in the tanks, some of the inlet stations in the AN and AW farms are 
currently isolated from the tanks (i.e. valved-out). 

Inlet filter systems have not yet been installed on the 241-AP farm, therefore, flow into the AP tanks 
is accomplished through miscellaneous in-leakage pathways. 

All of the tanks located in the 241-SY farm are equipped with filtered inlet stations. The inlet 
stations are very similar in design to those in 241-AN and AW. They consist of a filter housing 
containing a pre-filter, a HEPA filter, and an isolatiodmodulating damper. 

5 
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3.2 Tank Exhaust Ductwork and Header 

3.2.1 

After mixing with the air inside the tank vapor space, the air is then drawn out of each tank through 
a discharge riser. The discharge riser is a 12-inch diameter carbon steel pipe. The discharge risers 
are connected to below grade ductwork that leads to the below grade vent pits. 

The vent pits provide access to the exhaust ductwork and to butterfly valves located in each tank’s 
exhaust duct. The butterfly valves are used for controlling the volumetric flow in the tank exhaust 
ducts. The valves are manually manipulated and remain in a fixed position to assure proper flow 
and pressure is maintained within the individual tanks. 

After leaving the ventilation pits, the exhaust ducts from the individual tanks are combined to form 
the primary exhaust header. 

3.2.2 SY Tank Farm 

After mixing with the air inside the tank vapor space, the air is then drawn out of each SY tank 
through a discharge riser. A 12-inch diameter riser from each tank connects to the exhaust header. 
Each riser connection to the exhaust header contains a butterfly valve used to control the volumetric 
flow in the tank exhaust ducts. 

The exhaust header starts at Tank SY-103 and runs above grade to each of the SY tanks in series. 
The exhaust header piping is sloped towards the tanks to allow any condensation generated in the 
ductwork header to drain back to the tanks. 

3.3 

AN, AP, and AW Tank Farms 

Exhaust Air Moisture Removal Components 

3.3.1 

Each of the two de-misters servicing the primary ventilation system has its own connection to the 
exhaust header. The de-misters may be isolated from the exhaust header by butterfly valves located 
upstream and downstream. Under normal operating conditions, one de-mister is operational and the 
other is in standby. However, both de-misters may be used in parallel if desired. 

The de-misters contain Koch FLEXICHEVRON@ flow devices in combination with wire-mesh 
pads. The chevron device separates the heavy moisture particles from the air stream, while the wire 
mesh pad removes smaller particles. The performance of this system is 99% of all particles greater 
than 20 pm (Ref. 2). 

AN, AP, and AW Exhausters 

The ductwork exiting each de-mister is then re-combined into a common header to enter the 
primary exhaust trains. 

6 



RP P - 9 7 8 2 
Rev. 0 

3.3.2 SY Primary A-Train Exhauster 

The SY primary A-train ventilation system contains an in-line Kimre Inc. B-GonTM de-mister. This 
de-mister has an efficiency rating of 99.49% for 4 to 6 micron particles with a corresponding air 
stream velocity of 5.2 ftfs (479 cfm) (see Attachment 1 evaluation). The efficiency of this de-mister 
increases slightly with increasing flow. At a velocity of 8.2 ftfs (755 cfm), the de-mister has an 
efficiency of 99.58% for 4 to 6 micron particles. For conservatism, the efficiency at the lower 
velocity/flow was used for the evaluation of the primary A-train de-mister. 

3.4 

3.4.1 

The air stream enters either one of two independent and parallel exhaust trains. Motor-operated 
isolation valves are used to direct the airflow through one of the two independent trains. Under 
normal operation, one exhaust train is running and the other is on standby. 

Each primary exhaust train consists of an air stream heater, a pre-filter, two HEPA filters in series, 
and a fan. As described above, the primary ventilation exhaust systems for all three DST tank farms 
are a dual system. 

The HEPA filters are relied upon to provide primary control of radioactive particulate emissions to 
the atmosphere. Each train contains two Nuclear Grade HEPA filters in series. The HEPA filters 
are rated to remove particles as small as 0.3-km with a rated efficiency of no less than 99.97%. The 
filters used in the DST ventilation systems have face dimensions of 24 x 24 inches, and are 11 % 
inches in depth. The filters are rated for maximum pressure drop of 1 .O inch W.G. at 1000 cfm. 

The HEPA filter media is treated with a water-resistant binder and will tolerate both high humidity 
and direct wetting. However, long-term exposure to excessive amounts of moisture, either from 
airborne droplets or condensation on the element, can completely plug the filter and can result in 
failure by over-pressurization or degradation of performance. 

The HEPA filters have frames made from corrosion resistant stainless steel. The filter media is 
bonded to the frame with a fire-retardant urethane sealant. 

Exhaust Trains (Heaters, Filters, Fans and Housings) 

AN, AP and AW Exhausters 

The HEPA filters are installed in a stainless steel housing. The housings have filter test sections, 
monitoring instrumentation, and have insulation 2-inches thick on their outer surface to help reduce 
the heat transfer from the housing, thus reducing the opportunity for condensation. 

The exhaust fans are automatically shutdown upon detection of high differential pressure across the 
first stage of HEPA filtration and low differential pressure on the second HEPA filter. High 
differential pressure indicates blockages caused by an accumulation of solids in the filters. Low 
differential pressure indicates the failure of a HEPA filter. 

Other exhaust train components aid the HEPA filter performance. For example, the pre-filters, 
located upstream of the HEPA filters, increase the life of the HEPA filters by trapping larger 
airborne particles. The pre-filter allows for a more economical operating system and As Low As 

7 
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Reasonably Achievable (ALARA) concepts are applied through less frequent replacements of the 
HEPA filters. 

The heaters are located after the de-misters and before the pre-filters. The heaters decrease the 
relative humidity of the air by increasing the air temperature. The heaters (Indeeco@ No. 83) provide 
up to 10 Kilo-Watts (KW) of heat to the air stream. 

The AW and AN heaters are controlled with a temperature differential controller. This controller 
monitors the temperature of the air upstream of the heater and in the filter housing. The controller 
then maintains a desired temperature difference of approximately 30°F between the two points. 
This temperature is based on actual field measurements (see Attachment 1). 

The AP farm heaters use temperature and pressure interlocks for heater control. The heater 
provides full output (10 KW) until a downstream high-temperature set point is reached. At that 
time, the heater would be shut off and not reactivated until the temperature goes below the high set 
point. In addition, pressure sensors indicate flow conditions in the ductwork and shut the heaters 
off in a low flow condition, 

3.4.2 SY Primary A-Train Exhauster 

The primary A-train exhauster consists of an air stream heater, a pre-filter, two HEPA filters in 
series, and a fan. The primary A-train exhaust train is a single train system. 

As with the east farm systems, the HEPA filters provide primary control of radioactive particulate 
emissions to the atmosphere. The primary A-train exhaust train contains two Nuclear Grade HEPA 
filters in series. The HEPA filters are identical in size and rating to those contained in the east tank 
farm systems. 

The exhaust fan is shutdown automatically upon detection of high differential pressure across the 
first stage of HEPA filtration and low differential pressure on the second HEPA filter. 

As was the case for the east area exhaust trains, components aid the HEPA filter performance. The 
pre-filter, located upstream of the HEPA filters, increases the life of the HEPA filters by trapping 
larger airborne particles. 

The heater is located after the de-mister and before the pre-filter. The heater decreases the relative 
humidity of the air by increasing the air temperature. The heater (Nutherm@ No. BSC-5721) 
provides up to 9 KW of heat to the air stream. Although 1 KW lower than those heaters in the east 
area, this is not a concern because the analysis shows this is acceptable. 

The primary A-train heater is controlled with a temperature controller. This controller monitors the 
temperature of the air upstream of the heater and in the filter housing. The controller then maintains 
a desired temperature difference of approximately 20°F between the two points. 

8 
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3.5 Exhaust Stacks 

The exhaust stacks for all of the primary ventilation systems evaluated contain a record sampler and 
a continuous air monitor (CAM). 

The ventilation system is monitored to ensure the HEPA filters are functioning properly. The 
exhaust fans shutdown automatically on high stack radiation. 

3.5.1 

The AN, AP, and AW exhaust systems have a 10-inch diameter stacks. 

AN, AP, and AW Exhaust Stacks 

3.5.2 SY Exhaust Stack 

The SY primary A-train exhaust system has an 8-inch diameter stack 

3.6 Condensation Collection System 

3.6.1 

Condensate that is removed from the air passing through the de-mister and exhaust train is routed to 
seal-pots by a network of 1-inch and 3-inch diameter drain lines. 

Each de-mister and the de-mister pits have 3-inch diameter drain lines. These drain lines connect 
the de-misters and pits with a seal-pot that collects the condensate. The seal pot has a 3-inch line 
that returns the collected condensate to a waste tank. 

Drain lines are also present in the exhaust trains to collect and route accumulated condensation back 
to the tanks (via a seal pot). The AN, AP, and AW exhaust trains have 1-inch diameter drain lines 
servicing the heater and pre-filter. The AP and AW ventilation systems also have 1-inch diameter 
drain lines servicing the HEPA filters and exhaust fan. However, the AN ventilation system does 
not have drain lines servicing each HEPA filter sections or the exhaust fan. 

3.6.2 SY Primary A-train Exhauster 

Condensate that is removed from the air passing through the de-mister and primary exhaust train is 
routed to a seal-pot by a network of 1-inch diameter drain lines. 

Three 1-inch drain lines service the de-mister housing. These drain lines connect the de-mister to 
the seal-pot and collect the condensate removed from the air stream. 

One-inch drain lines remove condensate that may form in the primary A-train exhaust train. Drain 
lines are located in the heater plenum, pre-filter, first HEPA section, test section, second HEPA 
section and the fan housing. These drain lines collect and route the condensate to the seal pot. 

AN, AP, and AW Exhausters 

9 
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4.0 DISCUSSION OF ALARACT EVALUATION 

This ALARACT demonstration evaluated the ability of the abatement and control technologies in 
the DST ventilation systems to function during SST waste transfers as part of the Interim 
Stabilization Project. The DST ventilation systems were also evaluated against the technology 
standards identified in Washington State Code (WAC) 246-247, Radioactive Air Emissions, as well 
as other governing codes and standards 

Several DST farms will receive SST waste as part of the Interim Stabilization Project. The 
ventilation system evaluation performed as part of this ALARACT demonstration specifically 
evaluated the AW, AN, AP and SY tank farms. Only DST farms scheduled to receive saltwell 
waste were evaluated in this ALARACT demonstration (the AY and AZ farms were therefore 
excluded). 

Of the farms identified above, only the AP and SY farms are scheduled to receive SST waste prior 
to new ventilation systems being installed at the farms. Therefore, a full evaluation of the effects of 
SST waste transfers on those ventilation systems was performed. The AN and AW farms are not 
scheduled to receive SST waste prior to a new ventilation system being installed at the farms. Even 
though they will not be receiving SST waste, a partial evaluation was still performed on the AN and 
AW systems. The only reason for the partial evaluation was that the AN and AW systems are 
similar in design to the AP system and that a partial evaluation did not take additional time or 
funding. The partial evaluation is the same as for the AP and SY farms, with the exception of the 
stack sampling system. 

As indicated earlier in this report, SST waste transfers into the DSTs will be liquid waste 
transported by way of pipes. The waste will be introduced into the DSTs either by falling directly 
through the vapor space of the tank by way of a tank riser, or discharged below the surface of the 
waste. In either case, changes to the DST vapor space will occur. These changes include 
environment changes, such as temperature, en-trained moisture (e.g., aerosol particles), and 
humidity. This evaluation focused on the free falling type of discharge method into the tank vapor 
space because this transfer method is the bounding condition 

As a result of the SST waste transfers, the following changes to the vapor space were identified as 
having possible effects on the control technologies of the ventilation system. 

1. Increased radionuclide particles in the vapor space. The ventilation system must safely 
remove radioactive particulate from the air-stream before this stream is released to the 
atmosphere. 

SST waste transfers into the DSTs easily possess the potential to increase the moisture 
content in the vapor space of the DST. This will also result in an increase in the 
moisture of the air stream being pulled from the vapor space and may lead to: 

2. 

a) HEPA filter degradation by “plugging” the filters. 
b) Excessive condensation in the ductwork and exhaust trains. 

The radionuclide particulate emission control and abatement technologies in the DST primary 
ventilation systems were evaluated against the above conditions. Section 4.1 describes the 
emissions and technologies used to control radiation release to the atmosphere. Section 4.2 presents 
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the evaluation of the ventilation system equipment to control the emissions during SST waste 
transfers. Section 4.3 presents the results of the code and standard evaluation. 

4.1 

The nature of the SST waste to be transferred to the DSTs is such that possible air emissions from 
various radionuclide, organic, and inorganic compounds are expected. The vapor spaces in the 
DSTs are anticipated to contain a mixture of solid and liquid particulate matter (aerosol) and vapors. 
Emission estimates have been developed for the DSTs while receiving SST liquids based upon 
characterization of the waste to be stored in the DSTs as waste-feed for the Waste Treatment Plant 
(WTP). 

The radionuclide emissions of concern when saltwell pumping liquid waste from a SST into a DST 
will be in the form of particles. This is based on process knowledge of the radiological content of 
the DSTs and SSTs and previously permitted activities such as "Saltwell Pumping Tanks 241-SX- 
101,241-SX-102,241-SX-103" AIR 00-108 (Ref. 7) and "Rotary Mode Core Sampling [RMCS] 
Systems 3 & 4, Rev. 1" AIR 98-301 (Ref. 8). These WDOH approvals concur with the conclusion 
that radionuclides in particulate state comprise well over 90% of the potential emissions from these 
tanks. This section will address the ability of the ventilation system to control the release of 
radionuclide particles to the atmosphere. 

The primary control technology to abate the release of particulate emissions is HEPA filters. HEPA 
filters are used at DOE and commercial nuclear sites to control particulate emissions, and have an 
extensive successful operating history. 

Each exhaust train in the DST f m s  contains two Nuclear Grade HEPA filters in series. Each 
HEPA filters is made of Nuclear Grade throw-away dry-type extended-media in a rigid frame 
having minimum particle collection efficiency of 99.97% for 0.3-pm median diameter, thermally 
generated mono-dispersed dioctylphthalate particles or other specified challenge aerosols. Pressure 
drop of a clean filter is a maximum of 1 -inch water gauge at rated flow. In addition, the HEPA 
filters meet the requirements of ASME AG-1, Section FC and are tested in-place annually to the 
requirements of ASME N510 (Ref. 9), with guidance from ERDA 76-21 (Ref. lo), for an efficiency 
of 99.95%. 

The test sections in the filter housing provide a means for in-place testing of the HEPA filters. One 
test section is located after the pre-filter and upstream of the first HEPA filter section. The second 
test section is placed between the first HEPA filter and the second HEPA filter housing. 

Therefore, given the fact that the HEPA filters are in sound hnctioning order, they will prevent the 
release of radionuclide particles to the atmosphere within the governing codes and limits. An 
increase in the particle concentration in the vapor space due to SST waste transfers will not affect 
the function of the HEPA filters. 

Vapor Space Emission Characterization and Abatement 
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4.2 Increased Moisture in the Vapor Space 

Waste transfers for the Interim Stabilization Project will be liquid waste transported by way of 
pipelines from the SSTs to the DSTs. Introduction of the waste is expected to increase the two 
sources of moisture in the vapor space; aerosols (Le. fog and droplet) and humidity. 

An analysis was performed to evaluate the primary ventilation system during periods of increased 
moisture in the vapor space. The analysis is provided in Attachment 1. Input from previous waste 
transfer analyses performed by May (Ref. 3) and Bailey (Ref. 2) were used and considered in the 
Attachment 1 analysis. 

The analytical methodology used to evaluate the effects of increased moisture in the ventilation 
system is summarized below. 

1. The aerosol mass loading of the air entering the ventilation system was determined. This 
includes the generation of aerosols by both mechanical (i.e. free falling waste) and natural 
methods. 

2. The ability of the de-misters to remove the entrained moisture in the air was evaluated. 

3. Extreme environmental conditions (e.g., humidity and temperature) both inside the exhaust 
train and for the outside air were developed. 

4. Based on the conditions identified in Item 3, an extreme heat loss was applied to the air in 
the ventilation system and the amount of condensation was calculated. 

5. The ability of the ventilation system to process the extreme condensation was determined. 

These steps are summarized in the following sections. 

4.2.1 

Condensation and mechanical generation represent the sources for aerosols in the tank vapor spaces. 

Mechanical aerosols are generated when water falls through air. Aerosols are created by the kinetic 
energy of the water overcoming the surface energy of the water to create a larger number of smaller 
droplets (May, Ref. 3). The sizes of the droplets are dependent upon the available kinetic energy 
(i.e. velocity) of the water. The droplets will be smaller as the kinetic energy available increases 
(Le. the faster the water is traveling). Finer droplets are more likely to stay suspended in the air, and 
thus create higher mass loading in the tank vapor space. 

Mechanical aerosol generation in a tank vapor space due to waste transfer activities was evaluated 
by May (Ref. 3). Theoretical calculations and data from aerosol tests (Tank 241-'2-106 sluicing 
tests) were used to provide a correlation between the aerosol mass loading in vapor space and the 
transfer velocity of the waste. A correlation for the mass loading of mechanically generated 
aerosols as a function of the velocity of the waste being discharged into the vapor space was 
developed and is presented in the May report (Ref. 3). 

Aerosol Mass Loading in the Tank Vapor Space 
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Aerosol Condition 
Mists 

Clouds and Fogs 

The correlation developed by May was used in the Attachment 1 calculation to determine the 
aerosol mass loading from the falling waste. The discharge velocity of the waste was based on 
transfers from three possible sources, 1) a SST, 2) the cross-site transfer line, and 3) the Double 
Contain Receive Tank (DCRT). A velocity of 4.5 ft/sec is expected from the DCRT (based on the 
100 gph rating on the pump and a 3-inch transfer line, see Attachment 1). This was the highest 
velocity identified out of the three sources, which results in the highest mass loading of 
mechanically generated aerosols. To provide conservatism and a safety margin, a transfer velocity 
of 18 ft/sec (four-times) was used to completely bound the possible velocities from these sources, 
thus bounding the mechanically generated aerosols. 

Aerosols in the air may also be generated due to condensation. These aerosols are formed when 
water saturated air sub-cools in the presence of nucleation sites (e.g. dust and smog). Video 
observations made of various tank vapor spaces have found visual “fogs” present (Werry, Ref. 6). 
In addition, when camera equipment is lowered into the tank vapor spaces in the winter months, 
condensation forms on the camera lens. 

A mass loading for condensation aerosols in the vapor space was provided by May (Ref. 3). As was 
the case for the mechanically generated aerosols, for conservatism the analysis in Attachment 1 
applied a factor of four to the condensation aerosol mass loading predicted by May (Ref. 3) to 
provide safety margin and bounding conditions. 

The following mass loading for the aerosols were determined (Attachment 1): 

Mechanical 0.94 e-6 lb/ft3 
Condensation 2.49 e-6 lb/ft3 
Total 3.43 e-6 lb/ft3 

Typical Size Distribution 
0.01 to 10 pm 
0.1 to 100 um 

A comparison was made between the total aerosol mass loading calculated for the tank farm de- 
misters and the requirements identified in ASME N509 (Ref. 6) for de-misters. De-misters 
manufactured to ASME N509 specifications are required to remove 99% by weight of the entrained 
moisture in an air stream having 1.5 to 2 lbs/ft3 of entrained moisture. The total aerosol mass 
loading predicted in the tank vapor space, as identified above, is 3.43 e-6 lb/ft3. This mass loading 
is considerably lower than the design requirement for mass loading of ASME N509 moisture 
separators. 

Once the quantity of aerosols was determined, the remaining variable to evaluate was the size of the 
aerosol particles. May (Ref. 3) reported the following typical sizes for various aerosols (which is in 
agreement with data provided by ASHRAE): 

Sprays 10 to 5000 pm 
Rain 
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In addition, a correlation between the falling waste velocity and the maximum aerosol size 
generated was provided as part of the May (Ref. 3) report. The May correlation was used in the 
Attachment 1 calculation to predict the maximum aerosol size in a DST during SST waste transfers. 
The correlation was used with the transfer velocity of 18 Wsec to calculate a maximum mechanical 
generated aerosol size of280 pm. However, aerosols having a size of 280 pm will quickly fall out 
of the air due to gravity. Therefore, the maximum size of the mechanical aerosols was set to the 
maximum size of fog, 100 km. The minimum size mechanically generated particle was assumed to 
be I-pm. This assumption was based on a relatively “small” size for fogs and is lower than typical 
for mechanically generated sprays. 

The condensation aerosols in the tank vapor space were assumed to have sizes corresponding to 
fogs and clouds. This assumption was based on the nuclei (Le. the dust that condensation will form 
on) in the tank vapor space being similar to that in common air. Therefore as the data in Table 1 
indicates the size of the fog in the tank vapor space is assumed to range from 0.1 to 100 pm. 

4.2.2 De-mister Operation 

The ability of the de-misters to remove these aerosols from the air stream and to handle the quantity 
of these aerosols was evaluated in Attachment 1. 

As stated in Section 3 of this report, the de-misters at the AN, AP, and AW farms will remove 99% 
of the particles greater than 20-pm in diameter. To determine the quantity of the aerosols in the 
vapor space that are smaller than 20-pm in size, the size of these aerosols was assumed to follow a 
standard-normal statistical distribution. The 99“’ percentiles of the condensation and mechanical 
aerosol populations were set equal to the calculated maximum sizes of 100 pm for both populations. 
The 1’‘ percentiles of these populations were set equal to the minimum size, 0.1 pm for the 
condensate aerosols and 1 pm for the mechanical aerosols. 

Using a standard statistical 2-table, the estimated quantity of aerosols from both populations under 
20 pm was determined. The 1% inefficiency of the de-mister was accounted for. The Attachment 1 
calculation found the quantity of aerosols passing the de-misters to be 0.002 grain per cubic feet of 
air. Since this quantity is so small, it was ignored. 

The SY primary A-train ventilation system contains an in-line Kimre Inc. B-GonTM de-mister. This 
de-mister has an efficiency rating of 99.49% for 4 to 6 micron particles with a corresponding air 
stream velocity of 5.2 ft/s (479 cfm) (see Attachment 1 evaluation). The efficiency of this de-mister 
increases slightly with increasing flow. At a velocity of 8.2 ft/s (755 cfm), this de-mister has an 
efficiency of 99.58% for 4 to 6 micron particles. To evaluate the primary A-train de-mister, the 
efficiency at the lower velocity was used. The primary A-train exhauster is rated at 1000 cfm. 
Therefore, the efficiency of the de-mister is at least 99.49% for 4 to 6 micron particles at the rated 
flow conditions for the SY primary A-train. The quantity of particles passing the primary A-train 
de-mister is also small enough to ignore, given the fact that the primary A-train exhauster has a 
higher efficiency of removing smaller particles than the AN, AP, and AW exhausters. 

The ability of the AN farm de-misters to handle the quantity of aerosols and water vapor generated 
by SST waste transfers (as part of the waste retrieval operations) was evaluated by Bailey (Ref. 2). 
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Specifically, the total mass loading of aerosols and water vapor, as a function of the ventilation 
system flow rate and the waste temperatures in the tanks, was calculated. 

In the Bailey analysis, ventilation system flow conditions ranging from the current 1000 cfm up to 
3000 cfm and tank waste temperatures up to the Limiting Condition of Operation (LCO) of 195°F 
were evaluated. The capacity of the de-misters (each rated at 0.25 lbm water/sec [Bailey Ref. 21) 
was compared to the total quantity of water (aerosols and water vapor) entering the ventilation 
system. 

For this ALARACT demonstration, the total mass loading predicted for a flow of 1000 cfm (the 
flow rating of the HEPA Filters) calculated by Bailey was compared to the capacity of a single de- 
mister in the Attachment l calculation. It was determined that a single de-mister can handle the 
water mass in the air (both aerosol and water vapor) for all but the extreme temperature conditions 
in a tank (Le. at or above 190°F). However, both the Attachment 1 calculation and Bailey (Ref. 2) 
concluded that it is not realistic for the entire mass of water vapor in the air to be condensed by the 
de-mister. This is based on the fact an extreme temperature difference would have to be maintained 
between the de-mister and the air stream to precipitate the entire water vapor content. The 
temperature changes in the tank waste and vapor space resulting from waste transfers generally 
occur over days and weeks. Ventilation system temperature measurements corresponding to a 
waste transfer in the AW farm confirm this assumption (see Attachment 1). Therefore, the 
temperature of the de-mister and air stream will have time to adjust and move towards a steady-state 
condition and not maintain the low temperatures required to flash cool the air stream. 

A similar approach was taken for the primary A-train de-mister at the SY farm. For this system, the 
aerosol mass loading was combined with an extreme amount of condensation predicted during 
saltwell transfers (the extreme conditions for condensation during saltwell transfers are discussed in 
Section 4.2.3 of this report). A scenario was developed where environmental conditions (tank 
temperatures, waste temperatures ambient conditions, etc.) combine to form an extreme amount of 
condensation throughout the exhaust train (i.e. in the filter housings, fans, and stack, see Section 
4.2.3 for details). The extreme amount of condensation is approximately 5 gallons per hour. For 
conservatism, it was assumed that the 5 gallons per hour predicted for the exhaust train would occur 
entirely in the de-mister. It was concluded that the drainage capacity of the primary A-train de- 
mister could handle the predicted 5 gallons per hour described above (Attachment l) .  

4.2.3 

In this section, the water vapor contained in the air stream that passes through the de-misters will be 
evaluated. This water vapor has the potential to precipitate out of the air stream in the form of 
condensation. 

Condensation in the ductwork (and related equipment) may form through one or two primary 
mechanisms. The first is the condensation of water vapor from the air-stream because the 
temperature inside tWe duct drops below the saturation temperature of the air (a.k.a., the dewpoint 
temperature). The second is through “localized” condensation formed by air coming into contact 
with surfaces that are below the saturation temperature to form condensation on these surfaces. 

Extreme Conditions for Condensation in the Ductwork and Housing 
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Both the quantity of vapor in the tank exhaust air and the amount of this vapor that will come out of 
solution in the ventilation system is dependent on many environmental factors. These factors 
include: 

Waste Temperature and Quantity 
Ambient Conditions (Le. humidity, temperature, wind, and solar radiation) 

Air Flow Through the Ventilation System 
The Output of the Ventilation System Heater 
Heat Loss in the Ventilation System (a function of insulation and geometry) 

The Attachment 1 calculation used an extreme scenerio to evaluate the condensation in the 
ventilation system. In this scenerio, extreme conditions combine to create unusually high amounts 
of condensation to challenge the ventilation system. In summary, the extreme scenerio corresponds 
to the warmest air with the highest relative humidity entering the ventilation system and then being 
cooled to the maximum extent. To produce these conditions in the ventilation system, the high 
temperatures normally seen in the tanks during the summer months were extended into November. 
In November, it was assumed that the ambient conditions changed radically, and record low 
temperatures occurred. The details on this analysis are presented in the following sections. 

4.2.3.1 Inlet Temperature and Humidity 

First, the humidity of the air exiting the tanks was evaluated. Psychrometric measurements taken on 
tanks in the AN-farm were reviewed (Attachment 1 calculation). Measurements conducted on a 
winter day (24°F ambient) with high ambient humidity (90-100% Relative Humidity [RH]) found 
that the relative humidity of the air exiting four of the seven tanks approached 100% RH. It should 
be noted that three of the tanks had humidity less than 100% RH. In addition, two of the flow rates 
were very low (< 30 cfm). Based on these measurement data, the Attachment 1 calculation 
assumed the air exiting all of the tanks would be at 100% RH. This case represents the extreme 
scenerio. 

The temperature of the air entering the ventilation system was based on measurement data and 
analysis results provided in Bailey (Ref. 2). In the Bailey report, the ventilation system inlet 
temperature was determined as a function of tank waste temperature. Specifically, the waste 
temperatures in six of the AN farm tanks were set to their seasonal high temperatures. The 
temperature in the remaining tank was allowed to vary up to the LCO temperature of 195°F (due to 
the operation of mixing pumps in that tank). 

The waste temperatures of all the SY tanks and in randomly selected AN, AP, and AW tanks were 
evaluated to provide input for the Bailey temperature correlation. It was observed that the waste 
temperatures generally fluctuate seasonally (see Attachment 1 calculation). The maximum waste 
temperatures generally occur in September (slightly lagging behind the summer months), and the 
minimum temperatures generally occur in March (slightly lagging behind the winter months). 

The maximum observed waste temperature in November for the east tank farms (AN, AW, and AP) 
was 95°F. The highest observed temperature from any tank examined, both east and west area, was 
approximately 125°F in Tank SY-101 (January 2001). Of particular interest is the data from Tank 
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SY-102. This tank currently receives saltwell waste. The peak temperature reading from this tank 
was 115°F during a SST waste transfer (November 2000). 

Based on the above temperature data, and to provide conservatism to the analysis, a tank waste 
temperature of 130°F was selected as input to the Bailey temperature correlation. This waste 
temperature corresponds to a predicted ventilation inlet temperature of 85°F. 

The calculated value of 85°F was compared to randomly selected temperature measurements from 
the AP and AW tank farms during November. The calculated value of 85°F was approximately 
30°F higher than the highest measured temperature for November in these tank farms. Again, this 
provides conservatism to the analysis. 

4.2.3.2 Heat Transfer and Condensation in the Exhaust Train 

Now that the extreme conditions for the air entering the exhaust train are defined (humidity and 
temperature), the final step to determine the amount of condensation is to calculate the heat loss 
from the air in the exhaust train. An analytical andor computer based model of this system would 
be relatively complex. For example, the model would have to account for conditions in the tanks 
(waste temperatures, humidity, and waste quantities), the environment (Le. wind, humidity, and 
solar energy), and the ventilation system (Le. materials, flow, and geometry). Such a model was 
not developed for this ALARACT demonstration. In its place, measurement data and standard heat 
transfer methods were used to calculate the heat loss through the exhaust train. 

The sensible heat loss by air flowing through a duct is calculated by the following equation: 

Q = 1 .OS * Flow * (AT) 

Where: 

(Eq. 1) (Ref. 11) 

Q = The heat loss of the air, Btdhr 
Flow = The flow of the air in the ductwork, cfm 
AT = Temperature difference between two points in the ductwork, OF 

In our case, temperature measurements are made at two locations in the ventilation systems. 
Temperature and relative humidity measurements are taken annually in the DST ventilation system 
exhaust stacks. In addition, the temperature of the air stream after the heater is recorded daily as 
part of the tank farm maintenance/surveillance program. 

The available temperature measurements and Equation 1 provide an easy way to calculate the heat 
loss of the air. However, a shortfall of the available data is the lack of direct correlation between 
the times of day these measurements were taken. The lack of correlation makes it difficult to know 
if an accurate heat loss is calculated from the measurement data. On the other hand, the goal of this 
evaluation is to predict an extreme scenerio. Therefore, the data were used in such a way as to err 
on the side of overestimating the “real” heat loss. To calculate the heat loss in Equation 1, the 
maximum daily temperature recorded after the heater during the week in which the stack 
temperature measurements were taken was used in conjunction with the with the measured stack 
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temperature. This method correlates the highest measured temperature from the heater (during the 
relative time period of the stack measurement) to the measured stack temperature. 

Using the temperature measurement data and Equation 1, the heat loss from the air traveling 
through the exhaust train was calculated. The heat loss from the air inside the exhaust train (from 
the heater to the stack) is equal to the heat loss to the environment through the exhaust train (from 
the heater to the stack). This is based on no other known method for energy transfer except for the 
heat input to the air from the operation of the fan. Since the heat addition to the air from the fan is 
insignificant, it will be considered negligible for this evaluation. From a very simplified view point, 
the heat transfer from the exhaust train to the environment can be expressed as: 

Q = U * A * (AT) Btdhr 

Where: 

(Eq. 2) (Ref. 11) 

Q = The heat transfer 
U = The overall heat transfer coefficient 
A = The heat transfer surface area 
AT = Temperature difference between two sources 

In this case, we know the heat loss from the air temperature measurements. Therefore, we will 
solve Equation 1 for the term U*A as follows: 

U * A =  Q / (AT) (Eq. 3) 

Again, the Q in the above equation is the heat lost by the air from the heater to the stack (Equation 
1). The temperature difference in Equation 3 is between the inside of the exhaust train and the 
outside air. The temperature inside the exhaust train was taken as the average of the temperatures 
used in Equation 1 (i.e. the average between the exhaust stack temperature and the corresponding 
maximum heater temperature). The average daily temperature reported by the Hanford Weather 
Station on the day of the stack temperature measurement was used as the outside air temperature. 
The U*A terms (Equation 3) were then calculated. 

Now that the term U*A is known, Equation 3 can be used to calculate the heat loss from the exhaust 
train to the environment for various ambient temperatures. An extreme amount of condensation in 
the exhaust train can be determined by subjecting warm, moist air in the exhaust train to high heat 
loss. In order to assure complete certainty and conservatism, only the highest U*A term calculated 
from the measurement data was used for this purpose in the Attachment 1 calculation, and the 
highest term was increased by 25%. This approach is consistent with the factor of four margin 
previously used in the Attachment 1 calculation. 

For the extreme case, the outside air temperature was set to -13'F. The ambient temperature of 
-13OF corresponds to the lowest recorded temperature during the month of November at the 
Hanford site (see Attachment 1 calculation). 

The properties of the air entering the exhaust train were defined in Section 4.2.3.1 as: 

T= 85°F 
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RH = 100% 

To calculate the extreme condensation in the exhaust train, it will be assumed that the heater is off 
(i.e. 0 KW of heat is added). Therefore, the inlet temperature and humidity above will be used to 
determine the amount of condensation. 

The heat loss to the environment could be calculated using the inlet temperature. However, this is 
unrealistic. Instead, the average temperature in the exhaust train (defined as the average 
temperature between the stack and the inlet) will again be used for Equation 3. However, the 
temperature of the air at the stack is still unknown. To calculate the stack temperature, we will 
again use the fact that the heat loss by the air in the exhaust train (i.e. the energy loss by the air 
traveling through the exhaust train) is equal to the heat transferred to the environment. 

Equation 1 can no longer be used to determine the heat loss by the air because the air is at 100% 
RH. Both latent and sensible cooling must now be accounted for. The sensible and latent heat loss 
by air and water vapor flowing through a ductwork is calculated by the following equation: 

Q = 4.5 * Flow * (TU - Thl) (Eq. 4) (Ref. 11) 

Where: 
Q = The heat loss of the air, Btdhr 
Flow = The flow of the air in the ductwork, cfm 
Thl = Inlet enthalpy of aidwater mixture Btdlbm of air 
Th2 = Exit enthalpy of aidwater mixture Btu/lbm of air 

To determine the heat loss by the air in the extreme case, Equations 2 and 4 were set equal to each 
other. The stack temperatures corresponding to the inlet conditions of 85°F and 100% RH, the 
outside temperature of -13"F, and the high U*A factor determined from the measurement data 
above was solved for using the following flow rates: 

Flow rate: 

The condensation was determined by subtracting the difference in water content between air at 
100% RH at the inlet temperature of 85°F and that of the calculated stack temperature. The most 
condensation was calculated for the flow rate of 1000 cfm. Using the extreme conditions, 
approximately 5 gallons per hour (gph) of condensate was calculated in the ventilation system. 

500,750 and 1000 cfm 

4.2.4 Ventilation System Processing of Humidity and Condensation 

The quantity of condensation in the primary ventilation systems will range between none to a 
theoretical worse case condition discussed in the previous section. The ability of the ventilation 
systems to process these conditions will be reviewed in this section. 

The primary ventilation systems are designed to both reduce the occurrence of condensation and to 
drain possible condensate out of the system. Equipment designed to reduce the occurrence of 
condensation includes the de-mister, heaters, and insulation (on the exhaust train). 
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Drain lines are also present in the exhaust trains to collect and route accumulated condensation back 
to the tanks (via a seal pot). The SY (primary A-train), AN, AP, and AW farms have 1-inch 
diameter drain lines servicing the heater and pre-filter. The SY (primary A-train), AP and AW 
ventilation systems also have 1-inch diameter drain lines servicing the HEPA filters and exhaust 
fan. The AN ventilation system does not have drain lines servicing the HEPA filters or the exhaust 
fan. Therefore, condensation may accumulate in that system in the filter and fan housings. 

As discussed in Section 4.2.2, the de-misters are very effective in removing the entrained water 
particles from the air stream. The de-misters in all of the tank farms evaluated were determined to 
be capable of processing the condensation and aerosols predicted to occur. It should be noted that 
some condensation might occur in the de-misters. This will decrease the water vapor available to 
condense in the exhaust train. However for conservatism, no credit was taken for condensation in 
the de-misters. 

HEPA filters are designed to withstand humidity levels well into the 90% range for short periods of 
time without being damaged (Ref. 5). If the filters are wet, they actually work more efficiently by 
not allowing larger particles to pass. However, if the filters get dirty and/or wet to an ‘excessive’ 
degree, there will be a noticeable increase in the differential pressure readings across the filters 
(Ref. 5). Thus increasing the possibility for filter damage and reduced performance. 

All of the primary exhaust trains in the SY (primary A-train), AP, AN, and AW farms have heaters 
before the pre-filter. The ability of the heater to prevent condensation on the filters was evaluated 
in the Attachment 1 calculation. It was determined that under the extreme conditions provided 
above, the air in the SY, AN, AP, and AW exhaust trains will remain above the dew-point 
temperature up to the exit of the filter housing, downstream of the last filter. The heaters, therefore, 
protect the pre-filter and HEPA filters from excessive condensation build-up. 

In addition, the differential pressure across the filters is monitored. In the unlikely event that 
condensation on the filters starts to plug the filters (for example, if the heater is down when the air- 
stream has high humidity) the differential pressure will indicate the filters are plugging and 
approaching operational limits. In this scenerio, the back-up train will be engaged. 

4.3 GOVERNING CODES AND STANDARDS 

As part of the ALARACT demonstration, the ventilation system equipment and processes were 
evaluated against WAC 246-247-130 and 075. 

A compliance matrix for the four farm ventilation systems was compiled and is presented as 
Attachments 2 through 19 to this demonstration. The following control technology standards were 
considered in this compliance matrix: 

ASMEIANSI AG-1, Code on Nuclear Air and Gas Treatment 
ASMEIANSI N509, Nuclear Power Plant Air-Cleaning Units and Components 
ASMEIANSI N5 10, Testing of Nuclear Air Treatment Systems 
ANSIIASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities 

L U  



RPP-9782 
Rev. 0 

Since the component sections from ASME N509 are being replaced by ASME AG-I; and the WAC 
recognizes that AG-1 will take precedence on any discrepancies between the two requirements, the 
assessment was performed against AG-1. Furthermore, since ASME AG-1 also identifies NQA-1, a 
separate evaluation matrix of NQA-1 was not created, but included as part of the AG-1 assessment. 

A separate matrix was also not created for ASME N510. This was due to the fact that the only 
deviations that would be necessary from the N5 10 requirements would be those related to the 
testing deviations identified as part of ASME AG-1. Those deviations are the factory acceptance 
pressure testing and field acceptance pressure testing. The in-place aerosol test portion of ASME 
N510 is being met. 

The results of the evaluation indicate several components did not meet the requirements of the 
above codes and deviations were necessary. These components are identified with a “Deviation 
Required” (DR) identifier in the attached tables. All of the components identified with a “DR” are 
considered acceptable based on past operating history. Concurrence of this ALARACT 
demonstration by the State of Washington Department of Health constitutes approval of the 
deviations. See Attachments 2 through 19 for the details on this evaluation. 

The SY primary A-train and AP ventilation systems were also evaluated against the sampling 
system requirements of 40 CFR 61.93 and WAC 246-247-075. These ventilation systems were 
chosen because their farms are scheduled to receive waste before the ventilation systems are 
replaced. 

4.3.1 

The following is a summary of the SY primary A-train exhauster sampling system design with 
respect to the requirements of 40 CFR 61.93 and WAC 246-247-075. 

The primary A-train stack is an 8-inch Schedule 40 pipe with an inside diameter of 7.981 inches. 
According to ANSI N13.1-1969, Attachment 1, Paragraph A3.2: “For ducts less than 8 inches in 
diameter (20 cm), one sampling point is adequate.” There are two individual sampling probes with 
single nozzles, each, installed in this stack. One probe is connected to a beta CAM; the other is 
connected to a record sampler. 

The tips of both probe nozzles are approximately 62 inches from the top of the stack and 16 inches 
above the ports where stack flow measurements are taken. The nozzle tips are equally spaced 
within this stack cross section. Each nozzle has an inside diameter of approximately 0.326 inches. 
From the nozzle tip, the probe nozzle expands by 8 degrees to reduce sample loss. After the 
expansion, the probe nozzle bends with a 4.5-inch radius. 

Placed in the same plane as the sample probe nozzles is a static and a total pressure manifold, 
Above these is installed an instrument which measures stack flow temperature. These are 
connected to appropriate instrumentation that provides for continuous stack flow measurement 
readouts. These readouts are automatically density compensated for temperature and pressure 
changes. 

SY Primary A-train Sampling System Design 
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The sample flows are controlled to maintain isokinetic sampling. Deposition 2.0 (Ref. 4) 
computations provide the following 1 0-micron sized particle collection efficiencies for the CAM 
and Record Sampler system: 

Free Stream Velocity (CFM) 750 900 1050 

CAM (%) 73.7 72.2 70.6 
Record Sampler (%) 72.6 71.3 69.9 

4.3.2 AP Exhauster Sampling System Design 

The following is a summary of the AP exhauster sampling system design with respect to the 
requirements of 40 CFR 61.93 and WAC 246-247-075. 

The AP stack is 10 inches in diameter. Two sampling points are recommended in ANSI N13.1- 
1969, Attachment 1, Section A3.2 (ANSI 1969), for this size stack, 10 inches. There are two 
separate identical sampling probes with two nozzles on each of these probes. One probe is routed to 
a record sampler. The other probe is routed to a CAM. 

The sample probe assembly is located 8 ft above the fan discharge point into the stack and 20 inches 
below the top of the stack. Stack flow rate measurements are taken annually from two ports located 
90 degrees apart and which are 9.5 inches below the probe assembly. 

The sample extraction flow rates are held constant. Deposition 2.0 (Ref. 4) computations provide 
10-micron sized particle collection efficiencies for the Record Sampler system of between 37.5 and 
73.5 percent. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

In conclusion, it has been determined that the control technology, as described in this evaluation, for 
the emission units evaluated is adequate to support SST Interim Stabilization Project saltwell 
pumping. 

An increase in the moisture content of the air stream (due to SST waste transfer) has the potential to 
affect the performance of the HEPA filters. The primary concerns from the increased moisture is 
plugging of the filters due to condensation on the filter face and pooling in the filter housing. 

The ventilation systems use several technologies to prevent and/or minimize condensation in the 
exhaust train. The three primary moisture control technologies are: 

De-misters (removes entrained water particles from the air stream) 
Heaters (to decrease the relative humidity of the air stream and vaporize entrained water 
particles) 
Drain lines (to remove pooling condensate) 

The ability of the de-misters to remove the aerosols in the air stream generated by SST waste 
transfers was evaluated. It was determined that the de-misters are capable of processing the 
increased water particles generated during SST waste transfers. 

Extreme conditions were used to evaluate the possible condensation in the exhaust trains. 
Measurement data and standard heat transfer equations were used to perform the evaluation. The 
ability of the heaters to reduce the condensation through the filter housing was evaluated. Again, 
extreme heat loss through filter housing was used. It was determined that the AN, AW, AP and SY 
heaters maintained the air stream above its dewpoint until the end of the filter housing, downstream 
of the last filter. Therefore, the heaters reduce possible condensation on the filters and help prevent 
failure from plugging. 

A compliance matrix for the four farms was compiled and is presented Attachments 2 through 19 to 
this demonstration. The results of the evaluation indicate several deviations are necessary due to 
the lack of documentation to show whether the component meets the requirement. All of the 
components identified with “Deviation Required” are considered acceptable based on past 
successful operating history. Concurrence of this ALARACT demonstration by the State of 
Washington Department of Health constitutes approval of the deviations. 

5.2 Recommendations 

Based on the system review and analysis performed for this ALARACT demonstration, the 
following recommendations are presented for implementation when saltwell pumping directly from 
a SST to a DST : 
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1. The heaters in the ventilation system should be functional in the winter months while 
receiving SST waste. When this ALARACT demonstration was performed, the heater in one 
of the AW-farm ventilation trains was not functioning. A work order was being processed 
to replacehepair this heater. It is recommended that this work be completed in a timely 
manner in order to have a fully functioning backup train in this ventilation system. 

2. If SST waste transfers are planned for the AN-farm before the new ventilation system is in 
place, drain lines should be installed in the HEPA test sections and the fan housing. Under 
certain conditions, condensation will accumulate in these locations. To prevent the 
accumulation of water in the ventilation system, it is recommended that drain lines (to the 
seal pot) be installed in these locations. 

3. During the review of the ventilation systems for this ALARACT demonstration it was noted 
that Drawing H-14-020103 Rev. 1 shows the flow through the AP farm as 0-1 170 cfm. The 
HEPA filters for these systems are tested and rated for a flow of 1000 cfin. It is 
recommended that the drawings and design aspects for these systems reflect a flow rate 
equal to or less than the rated flow of the filters. 

4. This recommendation applies to 241-AN and AW only if SST interim stabilization waste is 
transferred in these farms. The temperature controllers in both the AN and AW farms need 
to be examined. Field data shows a temperature difference of approximately 30 to 40'F. 
However, discussions with tank farm personnel indicate the temperature controllers are set 
at approximately 10°F. The controller set point and the actual field operation do not 
correlate. The differential temperature needed to support the conclusions of this report is 
approximately 30°F for these farms. 
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Air is drawn out of the tank vapor space through tank risers. Butterfly valves located in 
the exhaust ductwork control the voluinetric flow coming from each tank. Exhaust ducts 
from the individual tanks are combined to form a common header to enter the primary 
ventilation system trains. 

Each primary ventilation system train consists of a de-mister (to remove entrained water 
particles), a heater (to prevent condensation on the down-stream filters), a pre-filter, two 
high-efficiency particulate air (HEPA) filters in series, and a fan. 

The air exits the ventilation system via a stack. The stack contains a record sampler and a 
continuous air monitor (CAM). 

DESIGN BASIS 

CRITERIA 

There are no specific design criteria for this calculation. This calculation is being 
performed as a system evaluation. 

ASSUMPTIONS 

Assumptions used to support this calculation are listed, as applicable, in the 
Calculation/Analysis, Section 6. The assumptions are listed below. 

1. Velocity of the saltwell transfer stream entering the tank was based on the possible 
source of saltwell waste (the SSTs, DCRT, and cross site transfer line). The pump for 
the DCRT combined with the transfer line size provides a velocity of 4.5 Ws. To 
provide calculation margin, this calculation will assume a velocity of 18 Ws (5.5 ids). 

2. It is assumed that the sizes of the aerosols generated by condensation and mechanical 
means have a standard-normal statistical distribution. 

3. For purposes of this calculation, it will be assumed that the maximum droplet size for 
the mechanically generated aerosols is 100 um. Water particles greater in size are 
likely to fall out of the air due to gravity. The value of 100 u m  represents the 991h 
percentile of aerosol size population. To represent the 1‘‘ percentile of the 
mechanically generated aerosol size population, it will be assumed that the minimum 
droplet size is I-um. The value of I-um is selected based on the distribution ofcloud 
and fog particle size given in Reference 1 (page 6-3). This value is relatively small 
for sprays and represents a “lower” size of particles in fogs. 

4. Condensate aerosols form clouds and fogs, and have, in general, smaller droplet size 
distributions than mechanically generated aerosols. Particle size for fogs and mists 



Poor Quality 0 rig i nal 

Design Calculation Title: The Environmental Effects (Temperature, Humidity and 
Aerosols) of SST Waste Transfers on the DST Fann Primary Ventilation Systems 
Project No. & Title: VET-I 084, ALARACT Demoiistration 

RPP-9782 
Rev. 0 

1-9 

Originator: Date: 
E. C. STAM 1/4/02 

Checker: Date: 
I? P 3 /)%/.Z 

\ . I  ST.A IC\ ( ; I \ 1,: I-I? I S (  ; 
TECHNOLOGIES, L.L.C. 

DESIGN CALCULATION SHEET 

Calc. #: VET-1084-001 
Rev: 0 

Page: 9o f36  



Poor Quality 0 rig i nal 

Design Calculatioii Title: The Environmental Effects (Temperature, Humidity and 

Project No. & Title: VET-1084, ALARACT Demonstration 

Aerosols) of SST Waste Transfers on the DST Fanii Primary Ventilation Systems 

RPP-9782 
Rev. 0 

1-10 

Originator: Date: 

Checker: Date: 
E. C. STAM 1/4/02 

R P 3  l l B l 0 z  

\ . I  w:\ I<S( ; I s I: I.;R I X( ; 
TECHNOLOGIES, L.L.C. 

DESIGN CALCULATION SHEET 

Calc. #: VET-1084-001 
Rev: 0 

Page: 10of36  

3.0 REFERENCES AND INPUTS 

1. RPP-6023 Rev. 0, Nonradioactive Environmental Emissions Chemical Source Term for the 
Double-Shell Tank Vapor Space During Waste Retrieval Operations, CH2Mhill Hanford 
Group. April 21,2000. 

2. Koch Engineering Company, Flexichevron Mist Eliminator Proposal, December 15, 1982, 
Certified Vendor Information. 

3. Email correspondence, Scott M Werry to Erik Stain, Wednesday, October 24,2001. 
4. Elements of Statistical Interference, 5"' Edition, Huntsberger and Billingsley. 
5. Mechanical and Electrical Systenis for Construction, 1983, Shuttleworth. 
6. Heat Transfer, Karlekar and Desmond, 2"d Edition, 1982. 
7. HMS website, http://etd.pnl.gov:2080/HMS/sumniary, Accessed October 24, 2001. 
8. Drawing H-14-020102 Rev. 4, Ventilation Tank Primary System (VTP) O&MSystem P&ID 

(AW farm). 
9. Drawing H-14-020103 Rev. I ,  Ventilation Tank Primary System (VTP) O&MSystem P&ID 

(AP farm). 
10. Drawing H-14-020101 Rev. 4, Ventilation Tank Primary Systeni (VTP) O&MSysteni P&ID 

(AN farm). 
11. RPP-717 1 Rev. 0, Thermal Hydraulic Evaluation for 241-AN Tank Farm Primary 

Ventilation System, CH2M Hill Hanford Group, Inc., Richland, WA. 
12. Email correspondence, Stephen Swaney to Erik Stam, Wednesday, November 7,2001. 
13. Crane Technical Paper No. 410, Flow of Fluids through Valves, Fittings, and Pipe, 1957. 
14. Drawing H-2-90747 Rev. 1, HVAC Priniary Esh. System Plenum Assembly. 
15. Drawing H-2-71936 Rev. 6, HVAC Equipment Plan, Elevations & Details. 
16. Drawing H-2-90517 Rev. 2, HVAC Central Exhaust Sta, Sections &Details. 
17. Drawing H-2-905 16 Rev. 2, HVAC Central Esh. Station Primary System. 
18. Drawing H-2-90457 Rev. 3, Structural Central Exhaust Sta., Sections andDetails. 
19. Drawing H-2-90522 Rev. 5, HVAC Equipnient Schedules & Notes. 
20. Email correspondence, Dan Stenkainp to Erik Stain, Thursday, Wednesday 08,200 1. 
21, ASME N509- 1989, Nuclear Power Plant Air-Cleaning Units and Components. 
22. Drawing H-2-85593 Rev. 1, General Arrangement, Tank Farm Exhauster Details. 
23. Bamebey & Sutcleffe Corporation, Operation and Maintenance Manual for 241-SY Tank 

24. Email correspondence, Robert Gustavson to Erik Stain, Friday, December 28,2001. 
25. Flanders Bulletin No. 381E, In-place DOP Test. 
26. Drawing H-2-85595 Rev. 2, Stack Sampling and Flow Monitoring General Arrangement. 
27. Drawing H-2-85599 Rev. 1, Electric Duct Heater 
28. Engineering Fluid Mechanics, Roberson and Crowe, Third Edition. 

Farm Exhauster Unit, Specification WHC-S-0193 Rev. 0. 

http://etd.pnl.gov:2080/HMS/sumniary


Poor Quality 0 rig i nal 

Design Calculation Title: The Environmental Effects (Temperature, Humidity and 
Aerosols) of SST Waste Transfers 011 the DST Fann Primary Ventilation Systems 

Project No. & Title: VET-1084, ALARACT Demonstration 

RPP-9782 
Rev. 0 

1-11 

Originator: Date: 
E. C. STAM 1/4/02 

Checker: D.ate: 

\ ’ I s’r;t I- SG r .K E I- I< r M; 
TECHNOLOGIES, L.L.C. 

DESIGN CALCULATION SHEET 

Calc. #: VET-1084-001 
Rev: 0 

Page: 11 of36 

29. 2E-96-01216/p, Waste Tank Plant Maintenance, Appendix AN, 241-AN Waste Tank Air 
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4.0 METHODS 

Waste transfers will be liquid transported by way of pipelines from the SSTs, DCRT, or the 
cross-site transfer line to the DSTs. The waste will be introduced into the DSTs by falling 
through the vapor space of the DST. 

The waste transfers affect the vapor space environment inside the DST. Changing the tank vapor 
space environment may effect the control and abatement technologies of the ventilation systems. 
The following items were identified as having possible effects on the ventilation system control 
technologies resulting from waste transfers: 

1. The falling waste will generate aerosols in the DST vapor space. 
2. The transferred waste may increase the tank temperature. All things being equal, an 

increase in the waste temperature will increase the vapor space temperature and increase 
the waste evaporation. Therefore, the humidity level of the vapor space and the aerosol 
content due to condensation in the DST vapor space will increase. 

The affects of the increased water vapor, aerosol, and elevated waste temperatures are evaluated 
in Section 6.0. 

Analytical/computer heat transfer models of the ventilation system would be relatively complex 
to account for all of the variables involved (Le. environmental, ventilation system geometry and 
materials, flow, tank waste conditions, etc ...). This calculation will not use detailed analytical 
models to predict the heat loss and behavior of the air through the ventilation systems. More 
simplified methods will be employed based on standard heat transfer equations. Measurement 
data and past studies on the DST ventilation systems will be used to develop the models used in 
this calculation. 

Specific methods used in this calculation are outlined, as applicable, in Section 6. 

5.0 RESULTS AND CONCLUSIONS 

This section summarizes the results and conclusions made in Section 6.0. 

The waste transfers from SSTs to DSTs will increase the amount of mechanically generated 
aerosols in the DST vapor space. The quantity of mechanically generated aerosols (mass 
loading) and size distribution were calculated based on data provided in Reference 1. The mass 
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loading and size distribution of condensate generated aerosols were also calculated based on data 
provided in Reference 1. A total mass loading of 0.055 g/m' (3.43 e-6 lb/ft3) was found. 

It was determined that the de-misters currently used in the AN, AW, AP, and SY primary A-train 
ventilation systems effectively remove the aerosols from the air-stream. The mass loading of 
aerosols passing the de-misters was insignificant.. 

The ability of the de-misters to remove the quantity of aerosols generated by SST waste transfer 
activities was evaluated in Reference 11. For the AN, AP, and AW systems, it was determined 
that one de-mister will be sufficient to handle the quantity of aerosols generated by waste 
transfers (using the current rated flow of 1000 cfin through the ventilation system). The de- 
mister in the SY primary A-train system was determined to handle the quantity of aerosols 
generated by SST waste transfers. 

An extreme scenerio for condensation in the ventilation system was developed using past 
measurement data and input from Reference 11. This scenerio was based on warm air at 100% 
relative humidity entering the ventilation system and then being cooled to the 'maximum' extent 
possible. The extreme scenerio corresponds to the high waste temperatures usually observed in 
September being extended into the November time frame (Le., a usually hot fall). In November, 
an extreme ambient temperature change occurs and the outside air drops to record lows (the 
lowest record temperature of Hanford during the month of November is -1 3°F). 

The temperature of the air entering the ventilation system was calculated using measurement 
data and input from Reference I 1. A maximum waste temperature of 130'F was used to 
calculate the inlet temperature. This temperature bounds the temperature of the waste observed 
during SST waste transfers. This waste temperature corresponds to an inlet temperature of 85'F. 
This value was compared to inlet temperature measurements from the AP, AN and AW tank 
farms. The calculated value of 85OF was approximately'30°F higher than the highest measured 
temperature for November in the tank farms. 

To estimate the heat loss in the ventilation system, stack temperature measurements were 
combined with recorded temperatures in the ventilation system. Conservative methods and 
factors were applied to the calculated heat loss to overcome a lack of direct correlation between 
the stack and ventilation temperature measurements. These factors were applied in a way to 
over-predict the heat loss in the system. 

The amount of condensation in the ventilation system was calculated based on the heat loss 
through the ventilation system, the inlet conditions, the flow through the ventilation system, and 
the coldest ambient temperature recorded in November for the Hanford site. Based on a flow 
rate of 1000 cfm, approximately 4.97 gph of condensate was calculated. 
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The above condensation is considered conservative for the following reasons: 

a) The calculated inlet temperature is 30°F above the current temperatures. 
b) Assumptions and input used in Reference 11 are conservative. 
c) No credit was taken for the cold ambient air (occurring in November) lowering the 

vapor space temperature of the tanks. 

The ventilation systems in the AP, AW and SY farms have drains for the HEPA filters and fans 
that are sufficient to carry the maximum predicted condensation in the ventilation system. 
Therefore, if water forms in the filter housing the drain lines will prevent the water form pooling 
and protect the HEPA filters. 

The AN-farm does not have drains for the HEPA filters and fans. Therefore, it is possible for 
water to accumulate in this ventilation system. 

The existing seal pots have a 3-inch return line to the tanks. These return lines are sufficient to 
handle the estimated amount of condensation in the ventilation system. 

The ability of the heater to reduce the humidity of the air entering the filter housing was 
evaluated. In the extreme conditions it was determined that 10 KW of heat provided by the AN, 
AW, and AP heaters was sufficient to prevent condensation is all but the last % foot of the filter 
housing. The of heat provided by the SY primary A-train heater is sufficient to prevent 
condensation past the filter housing. Therefore, the heaters protect the HEPA filters from 
condensation. In all cases, condensation was prevented past the last HEPA filter. 
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6.0 CALCULATION AND ANALYSIS 

As outlined in Section 4.0, the following items were identified as having a possible affect on the 
ventilation system control technologies resulting from waste transfers: 

1. The falling waste will generate aerosols in the DST vapor space. 
2. The transferred waste may increase the tank temperature. All things being equal, an 

increase in the waste temperature will increase the vapor space temperature and increase 
the waste evaporation. Therefore, the humidity level of the vapor space and the aerosol 
content due to condensation in the DST vapor space will increase. 

To evaluate the affects of waste transfer on the ventilation system, the following steps will be 
perfonned. 

1. The aerosol mass loading due to waste transfer and condensation will be determined. 
2. Thelability of the de-misters to remove the entrained moisture in the air will be 

determined. 
3. Condensation in the ventilation system housings will be determined. First, the extreme 

properties of the air entering the ventilation system will be determined. 
4. Second, to calculate an extreme amount of condensation in the ductwork, a 'maximum' 

heat loss will be applied to the air in the ventilation system. 
5. The ability of the heaters to reduce the relative humidity ofthe air through the filter 

housing will be determined. 
6. Finally, because the SY primary A-train system has not been operated, no measurement 

data are available to perform heat loss calculations. Therefore, this system will be 
compared to east tank farm systems. 

These steps are evaluated in the following sections. 

6.1 AEROSOL MASS LOADING 

Aerosol or entrained water can affect the ventilation control technologies. If the entrained water 
is collected on the HEPA filters, the filters could become plugged. In addition, the housings may 
collect standing water if the entrained water falls out of the airstream in the housings. 

The primary means of removing the aerosols is by using demisters. The ability of the demisters 
to remove the entrained water will be evaluated in the following sections. 

Aerosol mass loading in the ventilation system will be from two sources, mechanical and 
condensation. 
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6.1.1 Mechanical Aerosol Distribution and Size 

Mechanical aerosol generation occurs on the conversion of kinetic energy to overcome 
the surface energy of water droplets to create a larger number of smaller droplets (and 
increase their collective surface area) (Ref. 1). Figure 6-1 of Reference 1 (page 6-2) 
demonstrates the relationship between droplet size and the velocity of a free flow stream. 
Mechanically produced aerosols become finer, and are more likely to persist and create 
higher mass loading in the vapor space, when more kinetic energy is available to 
overcome the surface tension of the water droplets. 

Aerosol generation in the DST vapor space due to waste transfer was evaluated in 
Reference 1. Theoretical calculations and aerosol test results (from the Tank 241-C-106 
sluicing tests) were used to provide an estimation of aerosol mass loading. It was 
concluded that the best estimation for aerosol generation during waste transfer was based 
on measurements obtained from the tests related to the Tank 241-C-106 sluicing 
operation. 

A correlation of aerosol generation versus the velocity of the waste falling through the 
vapor space of the DST is presented in Reference 1. This correlation is: 

Mass loading = O.Ol(1 + 33 (v / vrCf)* ) g/m3 

Where: 
vref = 140 ftls (43 m / ~ )  

The transfer rates from the various saltwell waste sources are different. Based on 
conversations with Stephen Swaney (tank farm engineer), a worse case condition will be 
based on the transfer from the DCRT. The transfer pump contained in the DCRT is rated 
at 100 gpm (Ref. 12). Combined with the standard 3-inch transfer lines (Ref 12), a 
resulting velocity of 4.5 ft/sec (Ref. 13, page B-14) is predicted. For this calculation, a 
factor of four will be applied to the velocity. This will provide margin to the actual 
velocities in the system. Therefore, the transfer velocity will be 18 ftls (5.5 d s ) .  

Based on this velocity, the following mass loading is predicted: 

Mass loading = 0.01(1 i. 33 (5.5 / 43)2) g/m3= 0.015 d m 3  

The maximum diameter of a water droplet verses the stream velocity is provided in 
Reference 1. For the assumed velocity of 5.5 m/s, a maximum droplet size of 
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0.50 - 0.01 = 0.49 

From a 2-table (Ref. 4, front cover), the value of 0.490 is approximately Z=2.33. 
Assigning: 

Mechanical Aerosols: 
1'' ercentile = 1-urn = -2.33 
99' percentile = 100-urn = 2.33 

Condensate Aerosols: 
1'' ercentile = 0.1-um = -2.33 
99' percentile = 100-um = 2.33 

R 

R 
6.2.1.1 AN, AP, and AW Demisters 

The Z-value corresponding to 20-um is found as: 

Mechanical Aerosols: 
(100-20)/(100- 1)=(2.33-220)/(2.33-(-2.33)) 
Z20=-1.44 

The area corresponding to a Z-value of 1.44 is 0.4251 (Ref. 4). The probability of Z 
having a value less than 20-um for our population is: 

0.500 - 0.4251 = 0.07 = 7.0% 

Therefore, based on the efficiency of the de-mister and size of particles, the following 
particles generated by the free-fall of the waste into the headspace will make it pass the 
de-mister: 

0.015 g/m3 (0.07 + 0.01) = 0.0012 g/m3 

Condensate Aerosols: 
(100 - 20) / (100 - 0.01) = (2.33 - 220)  / (2.33 - (-2.33)) 
Z20 = -1.40 

The area corresponding to a Z-value of 1.40 is 0.4192 (Ref. 4). The probability of Z 
having a value less than 20-um for our population is: 
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6.3.2 Calculated Ventilation System Inlet Temperature: 

Now that the humidity of the air entering the ventilation system is defined, the 
temperature of this air will be determined. 

The inlet temperature to the ventilation system as a function of tank waste temperature 
was calculated in Reference 11. The Reference 11 calculation evaluated the tank 
ventilation system due to the operation of mixer pumps in a single AN-tank (supporting 
waste retrieval operations). The waste temperature of the tank with the mixer pumps was 
increased to the LCO maximum temperature of 195°F. The other tanks in the AN-farm 
were set to the maximum annual temperatures observed in these tanks (observed for one 
year from 8/14/99, Reference 11, page 2-6). 

This ALARACT calculation will use the Reference 11 calculation to provide a 
conservative inlet temperature to the ventilation system as a result of waste transfers. To 
support this calculation, the tank waste temperatures were examined. 

6.3.2.1 Tank Waste Temperatures: 

The waste temperatures for various tanks (randomly selected) were obtained between 
October 1999 to October 2001 from the Hanford PCSAC database. These temperatures 
are provided in Attachment 2. 
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Summary of Inlet Conditions for this ALARACT: 

Inlet relative humidity: 100% 
Inlet temperature: 85'F 

The inlet temperature to the ventilation system calculated in this ALARACT calculation 
is 85'F. Randomly selected round sheets from the AN, AP and AW farms were obtained 
for the winter months (November through February) and are provided in Attachment 3. 
Reviewing these data indicates that high inlet temperatures to the heater are in the range 
of 55°F. Therefore, the calculated temperature of 85'F is 30°F above the currently 
observed temperatures in these tank farms. 
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As another check of the calculation, the inlet temperatures for the AW-farm 
corresponding to an April 2000 waste transfer in Tank AW106 were examined. The 
ventilation system inlet temperatures were examined before and after the April 22"d, 2000 
start of the transfer. The measurements are provided in Attachment 3. The data do not 
indicate a sharp increase in the ventilation system temperature. The maximum recorded 
temperature in the week after the transfer started was 2'F higher the maximum recorded 
temperature in the week before the transfer started. This further validates the statement 
in Reference 11 that the changes in temperature will occur over time and try to reach 
steady-state conditions. 

6.3.3 Ambient Conditions 

The outside air temperature will affect how much condensation is predicted in the 
ductwork. First, cold outside air will affect the heat loss through the above grade 
ventilation system (thus affecting the temperature of the air in the ducts). Second, the 
outside air is drawn into the tanks and thus affects the vapor space temperatures. 
Therefore, colder outside air will lower the vapor space temperature and thus reduce the 
moisture content in the air. 

For the extreme case for condensation, the warm vapor space and high humidity 
conditions outlined above will be combined with a worst case temperature. As outlined 
above, the maximum tank temperatures generally occur in the September and October 
time frame. For this analysis, these high tank temperatures will be assumed to continue 
into November. In November, it will be assumed that the ambient conditions go to 
"record lows." 

The coldest temperature recorded in November was -13°F in 1985 (Ref. 7). 

HEAT TRANSFER IN THE DUCTWORK 6.4 

Now that the inlet and ambient conditions have been defined, the heat loss through the 
ventilation system will be evaluated. 

An analytical based heat transfer model of this system would be relatively complex. For 
example, a model would have to account for the ventilation system variables (i.e. geometry, 
material, flow, etc ...) as well as ambient variables (i.e. wind, solar, temperature, etc ...). Such a 
model will not be developed for this ALARACT calculation. In its place, a simplified model 
based on measurement data will be used. 
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Actual temperature measurements from the east farm ventilation systems will be used to estimate 
the heat loss in the ducts. Stack temperature and flow measurements were obtained from Johan 
Lorbasi (CH2M Hill Tank Farm Ventilation Engineer) and are provided in Attachment 1. The 
stack temperatures were combined with ventilation temperature measurements (from the daily 
rounds sheets) in Attachment 1. 

The available temperature measurements provide an easy way to calculate the heat loss ofthe air. 
However, as the rounds temperatures and stack temperatures are compared, several discrepancies 
were discovered. For example, there are several entries were the stack temperature is higher than 
the temperature after the heater on the rounds. These discrepancies are due to several factors. 
Primary, there is no way to correlate the time between the two measurements. Therefore, if the 
heater output varies over time (which it is expected to do), the temperature in the stack and 
ventilation system will vary (leading to the discrepancies observed). 

The goal of this calculation is to predict an extreme scenerio. Therefore, the measurement data 
were used in such a way to error on the side of overestimating the “real” heat loss in the 
ventilation systems. To accomplish this, the rounds data for the week the stack psychrometric 
measurements were taken were examined. The maximum temperature recorded after the heater 
during the &the stack measurement was taken was used to calculate the heat loss. This 
method assumes the hiphest temperature capable from the heater (during the relative time period 
of the stack measurement) corresponds to the stack measurement. All things being equal, a 
greater heat loss will be calculated the higher the temperature after the heater compared to the 
temperature in the stack. 

The equation for sensible heating/cooling of air at standard conditions (Le. room temperature and 
conditions) is provided in Reference 5 as: 

Q = (cfm) 1.08 (AT) Btuhr (Eq. 1) 

Because the humidity for the stack measurements are always less than 100%, the cooling that 
occurred in the ductwork was sensible. 

The heat transfer for the various stack measurements were calculated in Attachment 1 

Of course, the heat loss calculated for the air in the ventilation system was ultimately loss to the 
environment via the ducts. From a very simplified viewpoint, the heat transfer from the duct to 
the environment can be expressed as (Ref. 6, pg 695): 

Q = U * A * (AT) Btdhr (Eq. 2) 
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U * A = Q / (AT) 

For the temperature difference, the “average” ventilation temperature will be compared to the 
“average” daily temperature (as reported in Ref. 7). Therefore: 

AT = TAmb - ‘h (Tstack + Thtrout) 

Where: 
Tamb = Average daily reading from Reference 7 
Tstack = Stack temperature measurement 
Thtrout = Highest weekly temperature after the heater from rounds 

The values for U*A were calculated in an Excel spreadsheet in Attachment 1 

The overall heat transfer coefficient calculated above is the combination of the primary heat 
transfer mechanisms; radiation, conduction, and convection. Some aspects of the overall U*A 
will not vary significantly. For example, the conductive heat properties of the system are 
dependent on the materials in the system (Le. ductwork and insulation). Other aspects of the 
overall U*A will vary. For example, the convection coefficient will increase with increasing 
wind. In addition, the contribution of radiation is dependent on atmospheric conditions. 

For this calculation, seven stack temperature measurements were used to calculate the overall 
U*A (Attachment 1). Based on this limited sample size, it is unlikely that the “worse” 
convection and radiation heat loss was observed. To account for the changes in environmental 
conditions, the highest calculated U*A factor from Attachment 1 will be increased by 25%. 

UAsystem = 1.25 * UAhighest = 1.25 * 543 Btu/hr/’F = 679 Btu/hr/’F 

Now, for given temperatures in the duct and outside air, we can calculate the value of heat 
transfer as: 

Q = 679 Btu/hr/OF (AT) 
Q = 679 Btu/hr/”F (Tamb - % (Tstack + Thtrout)) 
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From the extreme case conditions, we have the following: 

Q = 679 Btdhri'F (-13'F - !h (Tstack + 85'F)) 

Again, the heat loss to the environment is equal to the heat loss by the air in the ventilation 
system. As defined in Section 6.3, the inlet conditions were defined as 85°F and 100% relative 
humidity. We will assume the air exiting the stack is also at 100% relative humidity. Therefore, 
as the aidwater vapor cool, both latent and sensible heating will occur. 

To account for latent and sensible cooling, the following equation is used (Ref. 5, pg 17): 

Q = cfm * 4.5 (Th2 - Thl) 

Where: 
Th2 = exit enthalpy of aidwater mixture 
Thl = entrance enthalpy of airiwater mixture 

Setting the two equations for heat transfer equal provides: 
E q 3 = E q 4  
cfm * 4.5 (Th2 - Thl) = 679 BtuhrPF (-13°F - % (Tstack + 85'F)) 

(Eq. 3) 

(Eq. 4) 

or 

0 = 679 Btdhr/"F (-13°F - % (Tstack + 85'F)) - (cfm * 4.5 (Th2 - Thl)) 

This equation was entered into an Excel spreadsheet (see Attachment 1). The value for Thl was 
obtained from a standard psychrometric chart for air at 85"F, l O O % R H  as: 

Thl = 49.5 Btdlbm-air 

Now, various temperatures were selected and an iterative process was used to solve for the final 
temperature. This work is provided in Attachment 1, 

The following stack temperatures were determined for the following flow rates: 
500 cfm 56.5"F. 
750 cfm 67'F 
1000 cfm 72°F 
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6.4.1 

To predict extreme condensation in the ventilation systems, it will be assumed the in-line heater 
does not function. Therefore, the air enters the ventilation system at its dew point and 
immediately beings to cool. In addition, all of the water that will come out of solution will be 
assumed to form condensation in the ventilation system. 

From the psychrometric chart, air at 85'F and 100% relative humidity as approximately 184 
grains of moisture per pound of dry air (extrapolation value). 

For the case of 500 cfm air  flow through the ventilation system: 

From the psychrometric chart, air at 56.5"F and 100% humidity as approximately 67 grains of 
moisture per pound of dry air. 

The specific weight of air at 70.75"F (approximate mean temperature of 85 and 56.5) is 
approximately 0.0750 Ib / ft' (Ref. 28, page 697, interpolation). 

The corresponding pounds of air passing through the system per minute is: 

Air-lbs = 500 cfm * ,0750 Ibfift' = 37.48 Ib/min 

Therefore, the amount of moisture lost in the ventilation system is: 

(184 - 67) grains watedair-lb * 37.48 air-lb/min * (Ib / 7000 grains) = 0.63 Ibs / min 

For the case of 750 cfm air flow through the ventilation system: 

From the psychrometric chart, air at 67'F and 100% humidity as approximately 100 grains of 
moisture per pound of dry air. 

The specific weight of air at 76°F (approximate mean temperature of 85 and 67) is 
approximately 0.0756 Ib / ft' (Ref. 28, page 697, interpolation valve). 

The corresponding pounds of air passing through the system per minute is: 

Air-lbs = 750 cfm * ,0756 IbWft' = 56.65 Ib/min 

Therefore, the amount of moisture lost in the ventilation system is: 

Extreme Condensation in the Ventilation Systems 
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6.5 THE PERFORMANCE O F  THE IN-LINE HEATERS 

All of the primary ventilation systems in the AP, AN, and AW farms have electric heaters before 
the pre-filter. The heaters decrease the relative humidity of the air by increasing the air 
temperature. The heaters (Indeeco No. 83) provide up to 10 KW of heat to the air stream (Ref. 
18). 

The AP heaters are controlled by manually switches (Ref. 19) with automated temperature 
interlocks. The heater provides full output until a downstream high-temperature set point is 
reached. At that time, the heater will shut off and not reactivated until the temperature goes 
below the high set point. In addition, pressure sensors indicate flow conditions in the ductwork 
and shut the heaters off in a low flow condition. 

The AW and AN heaters are controlled with a temperature differential controller. This controller 
monitors the temperature of the air stream upstream of the heater and in the filter housing and 
maintains a desired temperature difference. The data in Attachment 3 indicates that the 
temperature difference across the heater at the AW and AN farms is typically 30°F or higher. 

First, we will evaluate the heat added by the AP heater and the predicted condensation of the 
system. 

For sensible heating: 

Q = (cfm) 1.08 (AT) Btu/hr (Eq. 1) 

Using 1000 cfm and 10 KW (569.2 Btdmin or 34,152.0 Btu/hr) 

34152 Btu/hr= 1000 (1.08) (AT) 
AT = 31.6 "F 

Therefore, if the air enters the ventilation system at 85°F and receives 10 KW of heat, the 
temperature after the heater would be 116.6"F. It should be noted that the temperature increase 
at 10 KW (3 1.6"F) is representative of the heater output at the AN and AW farms. Therefore, 
the AN, AW, and AP farms will be modeled together. 

Of course, since the air entered at 100% relative humidity at 85"F, 85°F is the dew-point 
temperature. In addition, we know it will take 34,152 Btu/hr to cool the air from 116.6"F to 
85°F. 
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Where: 
T = material thickness 
K = material thermal conductivity 
A = Surface area 

The filter housings are approximately 24 % x 26 % inches (Ref. 14) and are made from 14 gauge 
stainless steel sheet metal (.07 inch thickness). The housing has 2-inches of insulation on the 
exterior (Ref. 15). As indicated above, the length of the housing is 13.34 feet (160.1 inch). The 
surface area of the filter housing is therefore: 

Filter area = 2 * (24.25*160.1) + 2 * (26.75*160.1) = 16330 in2 

The exhaust ducts have a 12-inch diameter (Ref. 17). There is approximately 7.31 feet (87.7 
inches) to the fan housing. The surface area of the 12-inch diameter ducts is: 

Duct area = 71 * 12 * 87.7 = 3306 inch' 

The exhaust stack has a 10-inch diameter (Ref. 18) with 16 gauge (.06 inch) steel. The stack is 
approximately 8.29 feet (99.5 inches) to the test ports. The IO-inch diameter stack has a surface 
area of: 

Stack area = 71 * 10 * 99.5 = 3 125 inch2 

The total surface area is: 

Totalarea= 16,330+3,306+3,125=22761 inch2= 158.1 ft2 

In terms of percentage of area, the following are found for the components: 

Filter = 7 1.7 % 
Duct = 14.6% 
Stack = 13.7% 

The thermal conductive properties for the various components were selected from common 
materials. These values are listed below (obtained from Ref. 6). 
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Filter housing = 5 Btu / (hr-ft-OF) page 9, Ref. 6, general value for stainless steel at 70°F. 
Duct and stack = 30 Btu / (hr-ft-OF) page 9, Ref. 6, general value for steel at 70°F. 
Insulation = 0.27 Btu-in / (hr-ft'-"F) CVI data for AP farm. Data at 70°F. 
Insulation = 0.27 Btu in * (fd12 in) / (hr -ft' - OF) = 0.023 Btu / (hr - ft- "F) 

Comparing the thermal resistance of the filter housing to the ducts per linear inch (ignoring the 
corner affects). 

R filter = 0.07 inch / [(5 B t d  hr-ft-OF) (107.8 ft')] + 2 inch/[(0.023 B t d  hr-ft-"F)(107.8 ft')] 
R filter = 0.807 hr-"F-inch/(Btu-ft) * W12 inch 
R filter = 0.067 hr-OF / Btu 

R duct = 0.06 inch / [(5 Btu / hr-ft-OF) * 23.0 ft'] + 2 inch/[(0.023 B t d  hr-ft-"F)(23.0 ft')] 
R duct = 3.78 hr-"F-incWBtu-ft * W12 inch 
R duct = 0.3 15 hr-OF / Btu 

R stack = 0.06 inch / [(5 Btu / hr-ft-OF) * 21.7 ft'] 
R stack = 5.530 e-4 hr-°F-inch/Btu-ft * W12 inch 
R stack = 4.608 e-5 hr-"F / Btu 

What the above comparison shows us is that while the filter housing has 72% of the conductive 
heat transfer area, it has far more resistance to conductive heat transfer than the stack (thanks to 
the insulation). Comparing the filter housing to the stack provides: 

R filter / R stack = (0.067 hr-OF / Btu) / (4.608 e-5 hr-OF / Btu) = 1454 

Of course, the thermal conductivity of the material is just one aspect of the heat transfer. For 
example, because the flow area of the filter housing is large, the velocity of the air will be 
relatively smaller through this component (promoting more heat transfer). However, based on 
the insulation on the filter housing, a conservative assumption is that the heat transfer from the 
ventilation system to the environment will be linear through the ventilation system. Using this 
assumption provides: 

Q = 679 / 28.94 (AT) Btu/hr/ft * ft 
Knowing that the heat loss will be 10 KW (the amount of heat added by the heater) and the air 
temperature will decrease from 116.6"F to 85'F, the following length is solved for: 

-34152Btdhr* 28.94ft/679/(-13-0.5(116.6+85))= 12.79ft 
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Comparing this value to the filter housing length of 13.34 ft, indicates the air will become 
saturated approximately 0.55 ft from the end ofthe filter housing. 

Again, this assumes extreme environmental and tank conditions combined with highly 
conservatively heat loss predictions. Therefore, the heaters are determined to be sufficient to 
prevent condensation in the filter housing. Given that the filter is located at least I foot from the 
end of the filter housing (Ref. 16), the heater prevent condensation in the last HEPA filter. 

6.6 PRIMARY A-TRAIN VENTILATION SYSTEM AT THE SY TANK FARM 

In Section 6.2 the SY K1-A demister was determined to be adequate to remove the entrained 
moisture in the air. 

It is assumed that the inlet conditions calculated for the east tanks farms (Section 6.3) are 
representative for the SY farm (air at 100% relative humidity and at 85°F). 

In Sections 6.4 and 6.5, the heat transfer and performance of the in-line heater for the east tank 
farms was evaluated. Because the SY K1-A system has not been operated, there are no 
temperature measurements for this system. Therefore, this system will be compared to the east 
tank farms systems to estimate the heat loss and performance of the in-line heater. 

6.6.1 Comparison of Physical Dimensions 

As indicated in Section 6.5, the east farm filter housings have the following surface areas: 

Filter housing area = 16,330 inch’ 
Exhaust duct area = 3,306 inch’ 
Stack area = 3,125 inch’ 
Total heat transfer area = 22761 inch’ = 158.1 ft’ 

The SY Kl-A uses Flanders filter and test sections (Ref. 22). The approximate cross 
section dimensions for the Flanders series E-5 test section are 30 x 27.25 inches (Ref. 
25). The length ofthe filter housing is approximately 90.75 inches (Ref. 22). The total 
area for the SY primary A-train filter housing is: 

SY-Fharea = 2 x (30 x 90.75) + 2 x (27.25 x 90.75) = 10390.9 in2 
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Q = 407 Btu/hr/"F (AT) 

The heat added by the heater is defined as: 

Q = (cfm) 1.08 (AT) Btuhr (Eq. 1) 

The primary A-train heater is controlled with a temperature controller. This controller 
monitors the temperature of the air upstream of the heater and in the filter housing. The 
controller then maintains a desired temperature difference (Le 20'F) between these two 
points. Knowing the temperature increase, the amount of heat added by the heater can be 
determined. For the SY ventilation system, the using 1000 cfm and a 20 "F differences: 

Q Btu/hr = 1000 (1.08) (20) 
Q = 21,600 Btu/hr = 6.33 KW 

The temperature after the heater is therefore: 

85 + 20 = 105°F 

As with the east farm exhausters, knowing that the heat loss will be 6.33 KW (the amount 
of heat added by the heater) and the air temperature will decrease from 105'F to 85'F, the 
following length is solved for: 

-21600Btu/hrC 15.1 ft/407/(-13-0.5(105 +85))=7.4f t=89.0inches 

The filter housing is 90.75 inches long. Therefore, the heater guards against 
condensation in the filter housing. The last HEPA filter housing in the SY primary A- 
train is 24" long. The HEPA filter is approximately 12 inches in length. Given the fact 
that condensation is predicted 1.75 inches (90.75 - 89) from the end of this filter housing, 
the heater prevents condensation in the filter housing pass the last HEPA filter. 

6.6.3 SY Seal Pot 

From the east farms, the mass loading from aerosols was predicted to be: 
Total loading = 0.0001 lb/m' = 3.43 e-6 Ib/ft3 

Given the 1000 cfm rating of the ventilation system, this provides: 
1000 fi'imin * 3.43 e-6 ib/fi3 = ,0034 lb/min 
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From: 
Sent: 
To: 
cc: 

Scott-M-Werry@rl.gov 
Wednesdav.  Oc tobe r24 .2001  6:13 PM 
Stam@visiaengr.com 
Scott-M-Werry@rl.gov 

Erik, 

My observations in regard to visible condensate within dome space is of 
course limited to the areas I have actually seen. Air borne condensate, if 
I recall correctly is clearly visible in a number tanks in a numbers of 
farms (i.e. SY farm, AY farm, A2 farm, U farm). Equipment may be a part of 
the visible "on screen" condensate at times in that often OPS does not 
acclimate the camera assembly prior to insertion. This tends to "fog" the 
lens housing fo r  a time until the in tank equipment temp. equalizes enough 
to allow the condensate build up to yield to a viewable level. 

s. M. Werry 
TF Imaging Systems TPOC 
RPP Equip./Maint. & Reliability Eng. 
CH2MHill Hanford Group, Inc. 

mailto:Scott-M-Werry@rl.gov
mailto:Stam@visiaengr.com
mailto:Scott-M-Werry@rl.gov
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From: 
Sent: 
To: 
Subject: 

See comments below. 

Steve suaney 
IS Engineering 
373-3472 

Stephen-L-Swaney@d.gov 
TnLrsday. November 08.2001 2:38 AM 
starnfC?vMaenar.com 
RE: casle lra&fer velocities and salhvell lemoeralures 

_ _ _ _ _  Original Message----- 
from: Erik S t m  [mailto:stam@vistaengr.coml 
Sent: Monday, November 05, 2001 9:36 AM 
To: Stephen-L-Swaney@RL.gov 
Subject: WaSte transfer veloCitie9 and Saltwell temperatures 

Stephen: 

Thanks for your input last Friday regarding the Saltwell transfer3 

I have been thinking about OUT conversion and how to better define the input 
I need. Here are some thoughts and a summary of our conversion on Friday. 

I am evaluating the AP, AN, and AW ventilation Systems as they relate to 
waste stabilization land not waste retrieval). 

As I understand the System, saltwell waste Can be transferred into these 
farms through three S O U Z C ~ ~ :  from SSTS directly, the DCRT, and by the cross 
site transfer line lis the cross site transfer line part of waste retrieval 
and stabilization?) The answer is vesJThe cross site line transfer 
saltwell YaSte from west to east and Will eventually do the same for waste 
retrieved during retrieval. Most of the tanks will receive waste directly 
from SSTS. (Only) Tank AP-102 can receive waste from the OCRT and the cP3ss 
site 
transfer line 
configuration, but eventually the cross site will move back to AP-108. The 
DCRT will most likely continue to AP-102 for a year or so before we’re 
through using it. 

To estimate the m o u n t  of aerosols generated by thhe,falling waste in the DST 
vapor space, I need the velocity of the waste being transferred. Of course, 
the pipeline velocity may be obtained from the transfer rate and pipe size. 

All Of the transfer lines into the DSTS are 3-inch NPS. SN-650 to AP-102 
from 241-AB valve pit is a 3” line. I can’t speak to the rest Of them. 

The transfer rate from the SSTs is approximately 6 to 8 gpm. This is worst 
case PER TANK. You will have “I) to 2 tanks rumina into AP-102 at any aiven 

(a 60SSible Worst case condition). This is the current 

. ~~ ~~ ~ 

time. The pump in 
the DCRT is rated at 100 4pm and would be the worst case (again, is the DCRT 
considered waste stabilization or retrieval?). Currently it is 
stabilization waste, but like the cross site, it could be used for future 

(retrieval activities relating to 8-complex. 

AS a final part of the analysis, I need temperatures of the waste being 
transferred into the tanks. R worst case would be acceptable. 

Here are examples: All temps are degrees F, 
1 

mailto:Stephen-L-Swaney@d.gov
http://starnfC?vMaenar.com
mailto:stam@vistaengr.coml
mailto:Stephen-L-Swaney@RL.gov
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Design Calculation Title: Affects of Saltwell Waste Transfers on the DST Ventilation 
Svstem Emission Control Technologies I E. Stam 12/31/01 
Project No. & Title: VET-1084, DST Ventilation ALARACT 

Originator: Date: 

F?lQ 2, 'I Checker: Rp7 Date-/ 
I I  

A-101 115-142 
AX-101 100-125 
BY-105 81-103 Makes up DCRT waste 
BY-106 78-109 Makes UP DCRT waste 
SY-102  82-90 Cross Site trinsfer waste from tanks:U-107, 
U-108, SX-101, SX-103, 5-111, 5-102 

I have some data that I am using in regards to the temperature in the 
ventilation system. 
temperatures usually seen in the tanks in Sept/Aug into November. All temp 
ranges were based on PCSACS data taken from 8/01/01 to present. 
combine the high waste temperatures with a "fast" temperature change. 
on this scenario, can you provide insight into the "high" temperatures that 
can exist in the applicable saltwell waste in the Sept/Aug time frame. 

I hope I'm not too far off-base with this information. 
again to clarify some of these statements. 

To summarize, I am looking at "extending" the high 

I then 
Based 

I would like to talk 

Erik Stam 
Vista Engineering Tech. 
Tel: 373-1377 
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Erik Stam 

From: Daniel-M-Dan-Stenkamp@rl.gov 
Sent: 
To: stam@vistaengr.com 
Subject: 

Thursday, November 08,2001 852 AM 

RE: Summary of phone conversion regarding ventilation system heaters 

This is the current condition of the heaters in question as to the best of 
my knowledge. 

Dan 

--__- Original Message----- 
From: Erik Stam (mailto:stam@vistaengr.coml 
Sent: Thursday, November 08, 2001 8:45 AM 
To: Daniel-M-Dan-Stenkampp@RL.gov 
Subject: Summary of phone conversion regarding ventilation system 
heaters 

Dan: 

Thank you for your input on the primary ventilation system heaters at the 
AN, AP, and AW farms. 

To summarize our conversion, 

The heaters at the AP farm are controlled by a manual "on/off" switch. 

The heaters at the AW farm are controlled by automatic thermostats. 
These thermostats are set to provide a minimum 10'F delta across the 
temperature sensors. 

In addition, one of the AW heaters is currently not working. However, a 
work package is being prepared to replace/repair this heater. 

The heater at AN farm is controlled by a manually adjusted thermostat. 

If you would send a response confirm the above statements, it will help my 
ALAFSCT evaluation. 

Thanks. 

Erik Stam 
Vista Engineering Tech. 
Tel: 373-1377 

mailto:Daniel-M-Dan-Stenkamp@rl.gov
mailto:stam@vistaengr.com
mailto:stam@vistaengr.coml
mailto:Daniel-M-Dan-Stenkampp@RL.gov
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Erik Stam 

From: 
Sent: 
To: 
cc: 
Subject: 

Kathleen-S-Tollefson@rl.gov 
Thursday, December 13,2001 12:02 PM 
Jeffrey-J-Luke@rl.gov; Gary-M-Crummel@rl.gov; STAM@vistaengr.com 
Kathleen-S-Tollefson@rl.gov 
FW: Comments on Alaract demo for AN/AP/AW primary vent systems 

Could you two take these comments with you when you meet with Eric. 
> -_--- Original Message----- 
> From: Scott, Delmer Jr 
> Sent: Thursday, December 13, 2001 10:24 AM 
> To: Tollefson, Kathleen S 
> Cc: Miller, Phillip C (Phil) 
> Subject: Comments on Alaract demo for AN/AP/AW primary vent systems 
> 
> Kathy- 
> 1. Where is the descriDtion of the alaract controls? This ameared to 
> be an in depth engineering study with recommendations but no-hard controls 
> described upfront. 
> 2. page three, third paragraph. Please add statement that not all of 
> the inlet filters for AN/AW are on line at any one time. We must ensure 
> that doesn't become a "requirement". 

f > 3. paue three, fourth Darauraph. Description of the AP primary heater \ 
> contioiler is incorrect-. InGeed, there is an on/off switch but-that is 
> just for power on. When the power is on, the heater is controlled via 
> pressure switches that show flow. Switch closed due to fan being on, 
> heater is on. Switch open due to fan being off, heater is off. When the 
> heater is on, it fluctuates between a high temp setpoint and a low 
> setpoint. Please change description. contact Randy Swift in DST electrical 
> shop for further help; 

, under (ecommendations. Obviously rethink the > 4. page L i i i m  
> recommendation with AP auainst the accurate descriDtion in lt3 above. 

J 
> Further, AN farm will not directly receive saltweli transfers due to the 
> failure of SN247. Rather, the only fluid going into An may be cross site 
> transfers but not until 2003 or 2004. AND. . .  314 will have new HVAC units 
> in place in An farm prior to receipt of cross site transfers, deleting the 
> requirement for recommendation #2, second paragraph. 

> questions, just call.. . > 

> 
> 

> 3-5480/85-3095/531-7909 
> del Scott 

mailto:Kathleen-S-Tollefson@rl.gov
mailto:STAM@vistaengr.com
mailto:Kathleen-S-Tollefson@rl.gov


Poor Quality 0 rig i nal 
RPP-9782 

Rev. 0 
1-145 

Page: 6 o f 7  
Date: Design Calculation Title: Affects of Saltwell Waste Transfers on the DST Ventilation 

Svsteni Emission Control Technoloeies 
Project No. & Title: VET-1084, DST Ventilation ALARACT 

Originator: 
E. Stam CZ? 12/3 1/01 
Checker: 

From: 
Sent: 
To: 
Subject: 

Robert-D-Gustavson@rI.gov 
Fridav. December 28.2001 11:03 AM 
stam&istaengr.com 
FW: Relative Humidity in SY-102 

> _ _ _ _ _  Original Message----- 
> From: Reynolds, Daniel A 
> Sent: Thursday, March 15, 2001 1:02 PM 
> To: Kirch, Nicholas W (Nick); Knight, Mark A; Anderson, Kenneth J; 
> Gustavson, Robert D; Dalpiaz, Edwin L 
> Subject: Relative Humidity in SY-102 
> 
> Under winter conditions the exhaust at 100% relative 
> humidity. 
> 
> I looked at two time periods when no transfers were being made in SY-102. 
> These time periods were Jan 5 to 15 and Feb 9 to 15. The average 
> evaporation rate was a little over -.02 inches per day or about 500 lbs of 
> water per day. 

> The dome space is 81 F a n d G v e n t  flow used was 230 cfm. 
> psychromecric m ' a r c  shows that at 81 F and 100% RH, the specific volume is 
> about 14 ft3 per lb of air. Therefore, the flow rate is about 24,000 lbs 
> air per day. 
> 
> 500 lb water in 24,000 lb air is an absolute humidity of 0.023 lb water/lb 
> air. The psychrometric chart shows that, at 81 F and 0.023 lb/lb, the 
> relative humidity is 100% within accuracy of the data. 
> 
> The finer calculations are on MathCad. If I can be of further help, please 
> contact me. 
> 
> Dan Reynolds 

3 
( The 

mailto:Robert-D-Gustavson@rI.gov
http://stam&istaengr.com
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Date: @ 12/31/01 
Originator: 
E. Stam 
Checker: /?P 9 

Erik Stam 
From: Terry-D-Kaiser@rl.gov 
Sent: 
To: stam@vistaengr.com; Robert-D-Gustavson@rl.gov; Gary-M-Crummel@rl.gov; 

Cc: Terry-D-Kaiser@rl.gov; Roger-D-Rick-Freeman@rl.gov; William-E-Willingham@rl.gov 

Monday, December 31,2001 756 AM 

Kathleen-S-Toliefson@rl.gov; James-R-Kriskovich@rI.gov; Jeffrey-J-Luke@rl.gov 

Kl-A exhauster 

The KIA is insulated 

Terry Kaiser 
SST System Engineering 

-----Original Message----- 
From: Erik Stam [mailto:stam@vistaengr.com] 
Sent: Sunday, December 30, 2001 5:12 PM 
To: Robert-D-Gustavson@rI.gov; Gary-M-Crummel@rl.gov; Kathleen-S-Tollefson@rl.gov; 
lames~R~Kriskovich@rl.gov; leffrey-1-Luke@rl.gov 
Cc: Terry-D-Kaiser@ri.gov; Roger-D-Rick-Freeman@ri.gov; William-E-Willingham@rl.gov 
Subject. Status of ALARACT and K1-A exhauster 

Terry, Rick, Bob or Will: 

Can you please confirm for me that the stack on the Kl-A exhauster Is or Is-not insulated? The drawings are 
not clear on this subject (and I need an email reference). 

I have updated the calculation. The calculation now addresses the K1-A exhauster and SY farm data! (I still 
need to "clean-up" the calc (Le. update the assumptions, references, conclusions and add SY farm data to 
attachments)). 

The K1-A demister will handle the aerosol mass loading from saltwell transfers. In addition, I calculate that the 
heater will prevent condensation in the filter housing (using my very conservative methods). 

A big thanks to Terry, Bob and Gary for their help in getting information on the K1-A system for me. 

I will finish the calc tomorrow and revise the ALARACT write-up to reflect the changes. 

I will proceed forward with the updates for the K1-A system. If time remains, I will address the P28 system (as 
we discussed). 

Erik Sfam 
Vista Engineering 

Tel: 737-1377 
Fax: . 737-1383 

mailto:Terry-D-Kaiser@rl.gov
mailto:William-E-Willingham@rl.gov
mailto:Jeffrey-J-Luke@rl.gov
mailto:stam@vistaengr.com
mailto:leffrey-1-Luke@rl.gov
mailto:William-E-Willingham@rl.gov
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