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1.0 INTRODUCTION 

Alfemafives Generation and Analysis for Double-Shell Tank Primary Venfilafion Systems 
Emissions Control andklonitoring, HNF-4245, and the companion decision document, Decision 
Documenf for the DST Primary Ventilafion Systems Emissions Control andkloniforing Decision, 
"F-4384, recommended that dry adsorption beds be installed on double-shell tank @ST) 
ventilation systems for removal of volatile organic compounds and ammonia. This 
recommendation was made because of the lack of an approved no~adiological emission source 
term. Because no source term had been approved, the design recommendations had to be robust 
enough to handle contingencies including the potential for a very high volatile organic 
compound (VOC) and ammonia emission. This study refined the source term for ammonia, 
aerosol, and VOCs and suggests that dry adsorption beds need to be installed only on the SY 
farm. The dry adsorption beds would be needed for VOC, not for ammonia. 

This engineering study did the following: 

1. Estimated the concentrations of ammonia and specific volatile organic components (those 
present in sufficient quantities) that result during waste disturbance 

2. Defined the nonradioactive chemical source terms for ammonia and those specific VOCs 
to be used in the design of treatment and monitoring equipment at the DST primary 
ventilation systems 

3. Estimated the quantitative volumes of aerosols that could be produced when using a drop 
leg below the surface of the waste verses vapor space discharge during transfer 
operations. 

RPP-6023.d~ 1-1 4/20/00 1246 PM 



RF’P-6023 REV 0 

This page intentionally left blank. 

1-2 4/20/00 12:46 PM 



RPP-6023 REV 0 

2.0 SCOPE 

Low-Activity Waste 

This study det ined a nonradioactive chemical vapor space source term for ~ ~ n k s  on the feed 
delivery, storage, and disposal mission summary document for case 3% and case 3S5 extended 
order revision 14 dated November 11, 1999, as described in Tank Waste Remediation System 
Operation and Utilization Plan to Support Waste Feed Delivery, HNF-SD-WM-SP-012. The 
differences between case 3S5 and 3S6D will not impact the source term. Case 3S6D adds tank 
241-AP-108, which is dilute noncomplexed waste that will not be bounding for VOC, aerosols, 
or ammonia. Table 2-1 lists the tanks that were assessed. Tanks in parentheses represent single- 
shell tank (SST) waste retrieved to the DST listed above the SST. 

High-Level Waste 
Table 2-1. Listing of Evaluated Tanks. 

24 1 -AP- 102 
24 1 -AP- 104 
241-AN-101 

241 -AN-102 

24 1 -AP- 102 241-AZ-101 24 1 -AZ- 10 1 
241-AP-104 24 1-AZ- 102 24 I-AZ-I02 
241 -AN-] 01 24 1 -AY- 102 24 1 -AY-I 02 

(241-C-106) 
24 1 -AY-I 0 1 
(241-C-104) 

241-AN-102 24 1 -AY- 10 1 

Source I Staging I Source I Staeine 

24 1 -AN-1 04 
241 -AN-107 
241-SY-101 
24 1 -AW- 105 

Case 3S5 

241 -AN- 104 241-SY-102 24 1 -AZ-IO 1 

241-AN-107 241-AN-105 24 1 -AN-] 05 
24 1 -AP- 104 241-AN-103 24 1 -AN- 103 
241 -AN- 105 

24 1 -AW- 104 

241-SY-103 
24 1 -AP- 106 

24 1 -AP-104 24 1 -AY- 102 
(241-C-107) 

24 1 -AN- 101 24 1 -AW-l03 24 1 -AY-I 02 
24 1 -AN- 102 241 -AW- 104 241-AW-104 

24 1 -AY- 102 

24 1 -SY- 102 
(24 14-1  03) 
24 1 -SY- 102 
(241-S-102) 
241-AP-101 
241-SY-103 
(24 1 -S- 105) 
24 1 -AP- 105 

24 1 -AN-] 05 

241 -AN- 105 

24 1-AP- 10 1 
241 -AW-I 01 

RPP4023 .doc 2-1 4/20/00 12:46 PM 
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This study developed emission source terms for waste feed delivery from the DSTs listed in 
Table 2-1. The kinds of operations modeled include mixer pump operation and waste transfer 
from one DST to another DST. Sluicing of waste from an SST to a DST was looked at only 
from the point of emissions from a DST. Emissions from sluicing are part of the SST program 
and are not included in this study. DSTs are emptied before receiving waste from SSTs. Waste 
sluiced from an SST to a DST will be injected below the surface of the DST supernate and will 
have the same source term as a transfer from a DST to a DST. 

For self-containing low activity waste tanks, Retrieval Engineering is performing an Alternatives 
Generation and Analysis (AGA) to determine the preferred retrieval strategy. Recommendations 
thus far are to retrieve 241-AN-103, -104, -105, and 241-AW-101 by decanting the supernate 
and then backfilling with water. During the decanting phase, a GRE may be initiating. The 
backup strategy is to mix the waste frst and then transfer the waste with dilution. For purposes 
of this analysis, the study chose the decant flowsheet because it is bounding. 

RPP-6023 .doc 2-2 4/20/00 1246 PM 
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3.0 METHODOLOGY 

The methodology for developing source terms for the three constituent of concern (COC) 
category source terms (ammonia, aerosol, and VOCs) was based on behavior of the COC and 
how the COC acts in the tank environment. Aerosols are generated by physical means; ammonia 
is largely dissolved in the waste and emitted when the waste is disturbed; VOC is present both as 
partially dissolved species and as retained gas. 

3.1 VOLATILE ORGANIC COMPOUND METHODOLOGY 

To determine a viable VOC source term, data were compiled from a number of sources. With 
this data and with assumptions and extrapolations listed in Section 4.0, source terms were 
estimated for the tanks identified in Table 2-1. (The spreadsheet containing the data and the 
calculations is on file with document control on a compact disc.) The worst source term for each 
organic compound derived for any one tank was selected and compared with the regulatory 
limits for COCs contained in Data Qual@ Objectives for Regulatory Requirements for 
Hazardous and Radioactive Air Emissions Sampling and Anabsis, HNF-SD-WM-DQO-02 1 ; and 
Regulatov Data Quality Objectives Supporting Tank Waste Remediation System Privatization 
Project, PNNL-12040. These documents identify the analytes that are needed to address 
regulatory issues and that are known to be potentially in the tank waste. Regulatory limits from 
those references are given as small quantity emission rates (SQERs), which are stack 
concentrations, and as acceptable source impact levels (ASKS), which are dispersed rates (see 
Appendix C). 

Where data were not available, conservative assumptions were made. As an example, the tank 
headspace VOC speciation data for 241-S-102 were available, as was retained gas sampling 
(RGS) information. The RGS data provided gas volumes retained in the waste, but only gave 
composition data for major constituents such as nitrogen, ammonia, methane, and nitrous oxide. 
To determine retained gas VOC speciation, methane was used as the “tie” component. The 
headspace VOC speciation data were multiplied by the ratio of methane in the tank waste 
retained gas to methane in the tank headspace to obtain the VOC speciation in the retained gas. 
The ratio of methane in the retained gas to methane in the headspace is 866. 

This approach should be conservative for soluble VOC and should apply to this study because 
DSTs in this study have supernate layers and SST waste retrieved to DSTs will have supernate 
layers caused by the sluicing process. Soluble VOC species are more readily evolved into the 
tank headspace than insoluble species when the waste is quiescent. For most of the SST 
headspace vapor samples, the tanks were quiescent. Methane is relatively insoluble in the waste 
and is more likely to be retained in the waste as gas. Consequently, methane concentrations 
retained in the waste will be relatively higher than methane concentrations in the headspace 
when compared with the concentrations of soluble VOC species. Multiplying the soluble VOC 
species by the methane ratio will estimate conservatively the soluble VOC concentrations when 
the waste is disturbed. 
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This approach should yield representative results for slightly soluble and nonsoluble organics. 
This is by virtue of the way a retained gas sample and measurement are taken and because 
methane is a slightly soluble organic molecule. The retained gas sampler was inserted into the 
tank waste and hermetically sealed while in the waste in the tank. At the Pacific Northwest 
National Laboratory (PNNL), the sample was extruded into an evacuated chamber. The waste 
was stirred and the gases evolved were analyzed. Any VOC, whether gas, liquid, or dissolved, 
should be evolved and analyzed by this method. 

For the VOC source term, the major contributor is a source tank with mixer pumps operating. 
For receiver tanks with active ventilation, the VOC source term is small compared with a source 
tank with a mixer pump. For quiescent tanks with active ventilation, the source term is 
negligible. The VOC source term therefore primarily depends on emissions from a source tank 
with mixer pumps operating. The VOC source term in this study assumes that the stack 
concentration is only from the source tank and that other tanks on the same heating, ventilation, 
and air conditioning W A C )  header have zero emissions. 

An estimate of the !?action of gas retained in phases (gas, liquid, dissolved) released during 
mixer pump operation (6%) was applied to determine headspace VOC concentrations. The 
resulting tank headspace VOC concentration was then prorated based on HVAC flows to 
determine stack VOC emissions. Tank 241-SY-101 has an HVAC flow of 14.2 m3/min 
(500 ft3/min), whereas 241-SY-102 and 241-SY-103 have 5.7 m3/min (200 A3/min) each. The 
stack VOC concentration due to 241-SY-101 was then multiplied by 500/900. 

The most complete information available for double-shell slurry feed (DSSF) is for 241-S-102. 
VOC source terms for other tanks of DSSF that had no data were prorated from 241-S-102. This 
is a reasonable assumption because 241-S-102 has the highest retained gas content of any ofthe 
tanks assessed in this study. The VOC source term for 241-S-102 was multiplied by the ratio of 
the retained gas volume of the other DSSF tank divided by the 241-S-102 retained gas volumes. 
Where retained gas volumes were not available, the VOC source term for 241-S-102 was 
multiplied by the ratio ofthe salt cakdsludge volumes ofthe other DSSF tank (241-AN-103, 
241-AN-104,241-AN-105,241-AP-105, and 241-AW-101) divided by the 241-S-102 salt 
cakehludge volumes. The 241-S-102 VOC source term also was prorated based on the ratio of 
the tank headspace for 241-S-102 versus the tank headspace for the other DSSF tank. 

For Tank 241-C-106, tank headspace sampling data were obtained before and during sluicing 
and was used to estimate the VOC source term. Because this was the most complete data for 
noncomplexed waste, other tanks of noncomplexed waste that had no data were prorated from 
241-C-106 data. The VOC source term for 241-C-106 was multiplied by the ratio ofthe salt 
cakdsludge volumes of the other noncomplexed waste tanks (241-AP- 104,24 1-AP-106, 
241-AW-103,241-AW-105, and 241-AY-102) divided by the 241-C-106 salt cakdsludge 
volumes. The 241-C-106 VOC source term also was prorated based on the ratio of the tank 
headspace for 241-C-106 versus the tank headspace for the other noncomplexed waste tank. 

Extensive VOC sample data are available for Tank 241-SY-101, both in the vapor space and in 
the retained gas. As this was the most complete data for complexant concentrate waste, other 
tanks of complexant concentrate that had no data were prorated from 241-SY-101. The VOC 
source term for 241-SY-101 was multiplied by the ratio ofthe salt cakdsludge volumes of the 
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other complexant concentrate tank tanks (241-AN-102, 241-AN-107, and 241-SY-103) divided 
by the 241-SY-101 salt cakelsludge volumes. The 241-SY-101 VOC source term also was 
prorated based on the ratio of the tank headspace for 241-SY-101 versus the tank headspace for 
the other complexant concentrate tank. 

3.2 AMMONIA METHODOLOGY 

The methodology used to estimate maximum concentration for ammonia in the DST vapor space 
was the same as that used for the flammable gases projections (ammonia, hydrogen, and 
methane) for saltwell pumping of SSTs to double-contained receiver tanks (Methodology for 
Predicting Flammable Gas Mixtures in Double-Contained Receiver Tu&, RPP-494 1). This 
approximation is reasonable because the waste chemistry is similir and physical handling of the 
waste (pumping into a receiver tank through a riser) is comparable. The approach addresses the 
period during and after the filling of the receiving tank because, unlike the VOC source term, the 
worst-case ammonia source term is in the receiver tank. The Henry's Law constants, which are 
calculated based on several empirical models for the solubility of gases in liquid salt mixtures, 
are used to predict the amount of ammonia gas that would be released into the DST vapor space. 

Because ammonia is a soluble gas, it is not reasonable to assume that 100% of the ammonia is 
released. A dynamic model (RPP-4941) was used to represent the higher ventilation rates in 
DSTs. This model takes credit for mass transfer limiting phenomena for the transfer of ammonia 
from the liquid to the gaseous phase of the vapor space. This also takes into account the fact that 
ammonia release is a surface-controlled phenomenon. 

3.3 AEROSOL METHODOLOGY 

An aerosol mass loading source term was estimated using methods and equations described in a 
variety of sources (An Engineering Assessment of the Aerosol and Vapor Flammability in 
241-C-IO3, WHC-SD-WM-ER-18 1 ; Aerosol Technology /Properties, Behavior, and 
Measurement of Airborne Particles, Hinds 1982; Absorption of Sulfur Dioxide by Growing and 
Evaporating Water Droplets, Master's Thesis, Huckaby 1986; Aerosol Characteristics in the 
Oflgasfrom a Pilot Scale Sluicing Operation, PNNL-10185). Aerosol particle size distribution 
was estimated by comparison with natural phenomena. 
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4.0 ASSUMPTIONS 

A number of simplifying assumptions had to be made to complete this study. Important 
assumptions are listed below along with the basis for the assumption. More detailed assumptions 
are documented as part of the spreadsheet. 

The approach used to derive a source term was discussed with a process engineering statistician. 
Because the data contained in this assessment is a mix of qualitative and quantitative data, it is 
not possible to provide statistical measures of uncertainty. For this reason, elements of 
conservatism were enacted to bound the data as a measure of uncertainty. For VOC 
concentrations, the value used to calculate a source term was the measurement data plus one 
times the reported standard deviation. Where standard deviation data are not available, the 
concentration was increased by 30%. For tentatively identified compounds the concentration 
was increased by a factor of two. For retained gas, the volume used for developing the source 
term was the reported value plus one times the standard deviation. Where there were retained 
gas volumes from two references, the higher volume was used. As additional data become 
available, increased precision and refinements in the data will bring about the ability to provide 
statistical measures of uncertainty. Until this happens the results should be used only within 
confines of the stated assumptions. 

1. Retained gas is released instantaneously and is distributed throughout the headspace. 

Basis: This is a conservative assumption. Retained gas will be released over a large area 
as the mixer pumps are started. The gas will rise into the headspace and be diluted before 
it reaches the tank W A C  exhaust stream that sweeps across the top of the tank. The 
VOC concentrations will gradually increase, but by the time maximum concentration is 
reached, some of the VOC already will have been swept fiom the tank, reducing the 
maximum concentration from the peak which would have been reached if the gas were 
instantaneously mixed throughout the headspace. 

2. Except for the SY farm, tanks on an W A C  header are ventilated at the same rate. When 
the exhaust from a tank enters the header, the ventilation from the other tanks instantly 
dilutes the exhaust gas. 

Basis: In the SY farm, 241-SY-101 is ventilated at a rate of 14.2 m3/min (500 ft3/min), 
whereas the other two tanks are ventilated at a rate of 5.7 m3/min (200 ft3/min) each. 
This is because 241-SY-101 is the worst-case flammable gas tank on Site. Other tank 
farms do not have a comparable situation. 

3. Only one tank in a farm is being retrieved or transferred at a time. 

Basis: The transfer files from HNF-SD-WM-SP-012 (Case 3S6D), were reviewed to 
determine if multiple tanks are operated in a tank farm simultaneously (see Appendix A). 
Ignoring the times where only a one- or two-day overlap occurred, there were 14 
occurrences of simultaneous tank transfers into andor out of one tank farm during a 
20-year period. On five occasions, two tanks in one farm were source tanks requiring 
simultaneous mixer pump operation. This could affect the VOC emissions. On five 
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different occasions, two tanks in one farm were receiver tanks that could affect ammonia 
emissions. Considering how infrequent the dual operations were during a 20-year period, 
it is a reasonable assumption that for the source term study, only one tank in a farm is 
being retrieved or transferred at a time. In addition, the electrical distribution system is 
currently not capable of supporting concurrent operation of two sets of mixer pumps in 
the same farm. Ongoing projects will not change this situation. In fact, ongoing projects 
plan on supplying a single mixer pump variable speed drive (VSD) per farm and switches 
to operate one set of mixer pumps at a time. 

4. One halfofthe waste from 241-SY-101 will he transferred to 241-SY-102 and then 
transferred to AP farm. 

Basis: This is the current situation. 

5. Mixer pump operation will not instigate a gas release event (GREC) 

Basis: Mixer pumps are equipped with VSDs and will be started up at slow speed. The 
pumps will be ramped up gradually to normal operating speed. This was done 
successfidly at 241-SY-101. The mixer pump will be operated periodically to prevent 
gas buildup and to exercise the pump seals. Testing at 241-AZ-101 will provide 
information about gas evolution rate that will be fed back to the operating procedures. 

6. Fraction of retained gas released during mixer pumping is 0.06. 

Basis: Mixer pump operation will be controlled to limit gas release at any one time to 6% 
of the worst-case gas retention volume. The empirical mixer pump operation gas release 
fraction was developed based on three sources: (1) determinations ofTank 241-SY-101 
mixer pump operational information, (2) 1995 mixer pump surrogate testing, and 
(3) preliminary hydrogen emission information on the Tank 241-AZ-101 mixer pump 
“bump.” Tank 241-SY-101 data on mixer pump operation were used to estimate fraction 
of gas released. During the January 25,2000,241-SY-101 mixer pump operation, the 
ammonia concentration reached 320 p/m vol. Because the 241-SY-101 mixer pump is 
only 112 kW (150 hp), the 320-p/m vol value was increased by the ratio of 600/150 to 
represent dual 224 kW (300 hp) mixer pumps. The ammonia concentration would then 
be 1280 p/m vol. This concentration would be reached in 241-SY-101 headspace if 
2 percent of the retained gas were released. Preliminary hydrogen emission information 
was taken during the Tank 241-AZ-101 mixer pump test “bump” conducted on January 5, 
2000. The hydrogen concentrations in the headspace of 241-AZ-101 would have been 
reached if approximately 1 percent of the retained gas were released. When additional 
testing is conducted during the Tank 241-AZ-101 mixer pump test, the results can be 
used to refine the projected gas releases. The surrogate mixer pump testing conducted in 
1995 by PNNL provided some preliminary information as to retained gas dispersion. 
These estimates were in the 2-5 percent range. Based on this information, a conservative 
6 percent release was used for other tanks to estimate headspace concentrations. As a 
comparison, 241-SY-101 gas release events released 10 to 20 percent ofthe retained gas 
(Evaluation ofAugusf 1991 Tank 241-SY-101 Gas Release Eveni, 
WHC-SD-Wh4-PE-045). Mixer pumps will be started up in such a way that a significant 
gas release event is not initiated. Most of the retained gas will be evolved during mixer 
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pump operation, but the peak concentration will occur when the mixer pumps are first 
started and 6% of the worst-case gas retention volume is released. 

7. Similar waste types have similar VOC source terms. 

Basis: Tanks containing complexant concentrate waste will have high organic content. 
The chemical and radiolytic reactions that generate VOC from the organic content in 
complexant concentrate waste should be similar for complexant concentrate tanks. The 
complexant concentrate tank with the worst VOC source term in the group of tanks 
studied (241-C-104) can be used to estimate VOC source term for complexant 
concentrate tanks that do not have data, including DSTs. This will be a conservative 
assumption. This same logic was applied to other waste types. 

8. Fraction of gas released during LAW decanting is C. 15. 

Basis: Study #TWS99.44, Rev. 1 “Potential for Inducing Gas Releases in Double-shell 
Tanks During Retrieval,” done in August 1999 indicated a nominal 15% of the retained 
gas could be released at one time by decanting the supernate from selected LAW tanks 
(specifically 241-AN-103, -104, -105, and 241-AW-101). 
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5.0 VOLATILE ORGANIC COMPOUNDS SOURCE TERM 

This section describes the origin of VOC in the tank headspace and the sources of data used. It 
also provides an estimate of the VOC source term. 

5.1 

Volatile organic compounds in a tank's headspace derive fiom the organic compounds contained 
in the tank waste. The organic compounds in the tank waste produce VOC in the tank headspace 
by evaporation, hydrolysis, and radiochemical conversion. Some of the VOCs produced are 
partially soluble and are retained in the tank supernate. Observations from 241-C-106 indicate 
that partially water-soluble compounds are transported more efficiently from the sludge to the 
dome space than the water-insoluble substances such as paraffins. This means that the dome 
space concentration of partially water-soluble VOC compounds will increase as much as the 
water-insoluble compounds when waste disturbing operations occur. The slow rate of VOC 
generation by hydrolysis and radioloysis combined with the capacity of the waste solids to retain 
gases and organic compounds produces a metastable mixture that will be disrupted when the tank 
is retrieved. The VOC concentration in the headspace of the tank caused by gas released fiom 
the waste during retrieval and transfer is a much larger source than the concentration fiom steady 
state VOC evolution. Much more information on VOC origin is contained in Origins of Volatile 
Organic Compounds Emergingfrom Tank 241-C-IO6 During Sluicing, " F a 2 6  1. 

ORIGIN OF VOLATILE ORGANIC COMPOUNDS 

5.2 

Data used to develop a non-radioactive chemical source term came primarily fiom the Tank 
Waste Information Network System (TWINS), 241-C-106 sluicing source term data, and 
retained gas measurements as described below. Tanks with dome space speciation data are listed 
in Table 5-1. 

DATA SOURCE FOR VOLATILE ORGANIC COMPOUNDS 

5.2.1 

The TWINS contains substantial information about tank inventory, total organic carbon, and 
vapor space concentrations of ammonia and VOCs. Waste inventory for the tanks listed in 
Table 2-1 are contained in Table 5-1. 

The TWINS estimates represent the best possible estimates of the tank contents and they are 
used consistently throughout the Hanford technical community. In addition, end-users of the 
TWINS data often need uncertainty estimates to support safety analyses, risk assessments, 
process designs, and other efforts. To verify this, PNNL developed and tabulated estimates of 
the empirical probability distributions of the Hanford defined waste tank inventories to allow 
investigators to make uncertainty statements for the standard inventory estimates. Probability 
distributions were estimated. For this source term study, concentration values for each of the 
VOC constituents were increased by one times the standard deviation listed in the TWINS. 

Tank Waste Information Network System 
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5.2.2 241-C-106 Source Term Data 

Significant work has been done on the VOC source term during sluicing of 241-C-106 both 
before sluicing and during sluicing ("F-4261). Based on these sampling events, it has been 
established that many different organic compounds were at low concentration in the dome space 
of the tank years before beginning sluicing. Acetone, butanol, heptenes, and heptanones were 
more abundant than the other organic compounds that included alkanes, alkenes, alcohols, 
aldehydes, ketones, and nitriles. 

Six samples were collected from the ventilation stack of Tank 241-C-106 before the initiation of 
sluicing operations on December 16, 1998, and March 7, 1999. These samples also contained 
many different organic compounds including the same alkanes, alkenes, alcohols, aldehydes, 
ketones, and nitriles observed in the work from previous years. The concentrations of many of 
these substances did not exceed 5 p/b before sluicing and several of them were detected in only 
one of the six samples. 

Samples that were opportunistically collected from the ventilation stack of Tank 241-C-106 
during sluicing operations on November 18, 1998, contained hexane, heptane, 3-methylheptane, 
nonane, decane, undecane, dodecane, butylcyclopropane, 1 -butyl-2-methylcyclopropane, 
1-hexene, 2- and 3-heptene, several isomeric methylheptenes, and 3- and 4-heptanone (Chemical 
Analysis of Air Samples Collected on November 18, I998 during Sluicing Activities at 
Tank 241-C-106, Huckaby and Evans 1999). 

During sluicing, approximately 25 samples were collected from the ventilation stack of 
Tank 241-C-106 on December 16, 1998. These samples were analyzed at PNNL (Huckaby and 
Evans 1999) and at Special Analytic Support (SAS) (Tank Vqvor SamplingandData Analysis 
Package for Tank 241-C-106 Waste Retrieval Sluicing System Process Test Phase I, Sampled 
December 16, 1998, HNF-3949). Samples collected during sluicing operations on March 7, 
1999, were analyzed at SAS (Tank Vapor Sampling and Data Analysis Package for 
Tank 2414-106 Waste Retrieval Sluicing System Process Test Phase II, SampledMarch 7, I999 
HNF-4440). Another 10 samples, which were collected on March 28, 1999, were analyzed at 
SAS (Tank Vapor SampIing andAnalysis Data Package for Tank 241-C-106 Waste Retrieval 
Sluicing System Process Test Phase III, SampledMarch 28, 1999, HNF-4598). 

The extensive results assembled in the data packages show that the observations reported by 
PNNL and by SAS for the triple sorbent tubes and SUMMAm canisters, which were collected at 
about the same time on December 16, 1998, were similar. The results for the triple sorbent tubes 
and SUMMATM canisters collected at about the same time on March 7 and March 28, 1999, were 
also quite similar. 

Three samples collected in SUMMATM canisters during active sluicing operations on 
December 16, 1998; March 7, 1999; and March 28, 1999, were examined thoroughly. Pure 
compounds were used to resolve uncertainties about the identification of isomeric compounds, 
for example, by specifically comparing the chromatographic signals of pure E- and Z-2-heptene, 
E- and 2-3-heptene, and distinguishing between alkadienes and cycloalkenes. The identities of 

SUMMA- is a trademark of Moletrics, Inc., Cleveland, Ohio 
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about 40 tentatively identified compounds were affirmed by comparison of the retention times 
and mass spectra of the observed constituents with the retention times and mass spectra of pure 
compounds. The identities of these 40 compounds and 50 target compounds are therefore 
assured. About 70 other compounds were tentatively identified. Their organic structures were 
elaborated by comparison of their retention times and mass spectra with information obtained by 
the study of the target analytes and reference compounds as well as with information in the 
chemical literature, by comparison with related results provided by PNNL, Oak Ridge National 
Laboratory (ORNL), and Oregon Graduate Institute (OGI), and by chemical inferences based on 
the original organic source term. Most of these identifications are secure, but some of the 
positional and geometric isomers of the alkylcyclohexanes, for example, are not assured. In 
some cases, substances are listed as unknown. Most of the substances in this category were 
present in low abundance or coeluted and their identification was hindered by their low 
concentrations and often by poorly defined mass spectrum. The uncertainty in the concentration 
of a target compound is about 30 percent (He&pace Gas and Vapor Characterization Summary 
for the 43 Vapor Program Suspect Tanks, WHC-SD-WM-ER-5 14; Comparison of Vapor 
Sampling System (VSS) and In Situ Vapor Sampling Methods on Tank C-107, BY-108, and 
9 1 0 2 ,  PNNL-11186). The concentration of tentatively identified compounds is measured by 
comparison of the observed ion Concentration current with the ion current of an internal standard 
("F-4261). Experience suggests that these concentrations are established within a factor of 2. 

When sluicing began, there was an immediate large increase in the VOC concentration in the 
stack. The concentration change depended on the intensity of the sluicing operation. Results for 
the three sluicing operations were similar in the sense that the concentrations of water-insoluble 
organic compounds out the stack increased to a greater extent than the water-soluble compounds. 
To illustrate, most water-soluble compounds that were present at concentrations greater than 
5 p/b (including alcohols and ethers such as butanol and 1,3-diethyl-l, 4-epoxybutane; aldehydes 
and ketones such as butanal and 3-heptanone; and nitriles such as propanenitrile) increased 
several fold during active sluicing. The concentrations of the water-insoluble compounds (such 
as heptane and the other alkanes, the alkenes such as the heptenes, and ketones such as 
heptanones) increased by much larger amounts. These observations imply that water-soluble 
organic compounds generated in the sludge were being transported more efficiently, presumably 
through the aqueous supernatant layer, to the dome space than water-insoluble compounds. 
Disturbance of the waste by sluicing led to a disproportionately large increase in the 
concentrations of the less volatile and less mobile compounds in the ventilation stack. 

Essentially the same array of compounds was detected in each operation. However, the 
concentrations of organic compounds in the ventilation stack varied considerably. The sum of 
the concentrations of the compounds in the SUMMA'" canisters collected during active sluicing 
were approximately 20 p/m (160 mg/m') on December 16, 1998; 400 p/m (1,800 mg/m3) on 
March 7, 1999; and 100 p/m (424 mg/m3) on March 28,1999. 

The organic compounds emerging from the ventilation stack during sluicing operations were 
derived from the phosphate esters and normal paraffinic hydrocarbons originally used for WSr 
removal operations in B Plant. The composition of the original mixture was altered by 
evaporation of hydrocarbons, hydrolysis of tributyl phosphate, and radiochemical conversions of 
hydrocarbons and phosphate esters. Sodium bis(2-ethylhexyl)phosphate, the least volatile and 
least reactive compound in the original mixture was deemed responsible for the relatively high 
abundance of compounds having seven and eight carbon atoms in the VOC. The inherently slow 
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rate of hydrolysis of this molecule coupled with its insolubility in water and its very low vapor 
pressures led to the selective retention of this molecule. Its slow radiolytic decomposition, 
coupled with the capacity of the sludge to retain gases and organic compounds, produced a 
metastable mixture that was disrupted when the sluicing operations were undertaken. 

5.2.3 Retained Gas Measurements 

Composition and quantities of retained gas have been measured for selected flammable gas tanks 
(Composition and Quantities of Retained Gas Measured in Hanford Waste Tanks 241-A W-IOI, 
A - I O I .  AN-I05, AN-104, andAN-103, PNNL-I 1450; and Retain SampIingResults for the 
Flammable Waste Program, PNNL-13000. Tank samples were obtained with the RGS, which is 
a modified version of the universal core sampler used to core-sample Hanford tanks. The RGS is 
designed specifically for use with the gas extraction equipment in a hot cell to capture and 
extrude a gas-containing waste sample in a hermetically sealed system. The retained gases were 
then extracted and stored in a small gas canister. The composition of the gases obtained in the 
canisters was measured by mass spectroscopy. The total gas volume in the sample was obtained 
from analyzing pressure, volume, and temperature from the extraction process. 

The RGS method provided retained gas volume fraction measurements with low uncertainty 
(PNNL-13000). The uncertainty caused by gas solubility and extraction measurement 
uncertainty was usually less than +I  5 percent of the measurement for samples from 
nonconvective waste. There was typically good agreement between RGS and void fraction 
instrument data, validating the low calculated uncertainty. 

For this source term study, retained gas volumes were increased by two times the standard 
deviation listed in the RGS study. Where retained gas volumes were available from two sources, 
the highest value was used. 

5.3 ESTIMATED VOLATJLE ORGANIC COMPOUND SOURCE TERM 

The source term for COCs and for total organics is contained in Table 5-2. Column 4 is the 
SQER from WAC-173-460-150 in Ib/h or Ib/yr, depending upon toxic air pollution (TAP) 
classification. Column 7 is compared to column 4. Column 5 is the TAP ASK from 
WAC-173-460. Column 8 is compared to column 5 .  
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6.0 AEROSOL SOURCE TERM 

Waste transferred during retrieval operations will be liquid or solid-liquid sluny transported by 
way of pipelines. Various DSTs will serve as the receiver tanks, and the waste will be 
introduced either by falling through the headspace to the waste surface or directly into the 
receiver tank waste by way of a drop leg. The first method offers the advantages of lower cost 
and simplicity, and avoids the waste siphoning issues associated with a drop leg. The 
disadvantage is the direct waste-air contact, which may result in significant gas (particularly 
ammonia) release and may promote aerosol generation through mechanical dispersion and 
condensation. The advantages and disadvantages of the drop leg are essentially the reverse of 
the first. 

This analysis estimates aerosol concentrations on the order of 0.01 g/m’ that may be generated in 
DST headspaces during waste retrieval with both types of configuration. 

6.1 AN AEROSOL PRIMER 

Appendix D is a partial reprint of Appendix A ,“An Aerosol Primer,” from 
WHC-SD-WM-ER-181. 

6.2 AEROSOL SIZE DISTRIBUTION 

Condensation aerosols form when water saturated air subcools in the presence of nucleation 
sites. Such aerosols form clouds and fogs, and have, in general, smaller droplet size distributions 
(usually < 30pm) than mechanically generated aerosols. It can be estimated that a typical 
condensation aerosol that might form in a tank headspace would possess a mass concentration of 
about 10 mg/m-’. 

Mechanical aerosol generation occurs when the kinetic energy of a moving material is converted 
to overcome the surface tension of the liquid, increasing the liquid surface area. Particulate 
Technology (Orr 1966) provides criteria for estimating the maximum droplet diameter that can 
resist secondary break-up when the droplet is moving through air with relative velocity v (as in a 
pipe discharging directly into a tank headspace): 

Where, 

D = maximum droplet diameter that can resist break-up 
v = relative velocity between liquid and air 
o = surface tension of liquid (water) 
pg = density of air 
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For air at 25°C and water flow velocities over a range ofabout 0.91 to 9.14 m sec (3 to 
30 i? sec-': 

rs = 0.72 dyne cm" = 0.072 kg set'* 
pg = 1.408 kg m-3 

The results are shown in Figure 6-1. 

Figure 6-1. Maximum Stable Water Droplet Diameter 

100 
2 3 4 5 6 7 8 9 

Strum Vclaity (dm) 

Therefore, this relation indicates a significant increase in the break up of secondary droplets with 
increasing flow velocity. One conclusion from Figure 6-1 is that mechanically produced 
aerosols become finer, and thus are more likely to persist and create higher mass loadings, when 
more kinetic energy is available to overcome the surface tension of the water droplets. 
Therefore, reducing water spray velocities should reduce the mass loadings of any aerosol thus 
generated. 

A survey of typical size distributions for various aerosol conditions is shown in Table 6-1 
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Clouds and fogs 
Mists 
Sprays 

Table 6-1. Aerosol Size Distributions 

0.1 pm to 100 pm 
0.01 pm to 10 pm 
10 um to 5000 urn 

6.3 AEROSOL MASS LOADINGS 

Extensive analysis and testing on mechanical aerosol generation was performed by PNNL in 
support of Project W-320 design activities (F"NL-10185). These studies indicated that the high 
nozzle discharge velocity of the sluicer could be expected to generate and maintain aerosol 
concentrations of about 0.330 g/m3. Figure 6-2 shows a specialized mechanical aerosol 
generator claimed to be capable of producing an aerosol concentration of up to 50 g/m3 at the 
outlet. 

Figure 6-2. A Mechanical Aerosol Generator. 
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Figure 6-3 shows water vapor mass loading in saturated air at 100 percent relative 
humidity (RH). 

Theoretically, if a volume of saturated air could be cooled immediately in the presence of 
sufficient nucleation sites, these data can be used to estimate limiting aerosol mass 
concentrations. For example, the cooling of saturated air from 24°C to 23 "C could, under ideal 
conditions, produce an aerosol concentration of 1.2 g/m3. 

Figure 6-3. Water Vapor Mass Loading at IOO?? RH 
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" 0  10 15 20 30 35 40 

Tcnrpcnhln W) 
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The following calculations serve to illustrate that at typical waste transfer flow rates and realistic 
temperature differentials, sufficient energy could be present in the waste steams such that, when 
exposed to a tank atmosphere, significant amounts of water vapor (and potentially aerosol) 
loadings may be created. In practice, however, such theoretical water loadings in air are not 
seen. 

If water is injected into a tank headspace at a higher temperature than the surrounding air, some 
water in the stream will evaporate to equilibrate the temperatures between the liquid and gas 
phases, seeking to satisfy the equation: 

If the contact time were sufficiently long, the energy balance would be satisfied. Assuming a 
227 L h i n  (60 galhin) flow rate of 30 "C water into 20 "C air: 

mllqud = 3.78 kg sed' 

ICpdT=(4.18Jkg-' "C~')(lO0C)=41.8Jkg~' 

IdH=(Hvap.. -H,,,,)=(2538.2-83.9)x103Jkg~' 

mvBV = (3.78kgsec-')(41.8 J kg-')((2538.2-83.9)x103 Jkg")-' = 0.0623kgsec.' 

To change water-saturated air at 20 "C to 30 'C would require: 

(30.3-17.3)grnm-' = 0.0130kgm-3 

To change dry air at 20 "C to water-saturated air at 30 "C would require: 

(30.3-O.O)gmm-' = 0.0303kgm-' 

Comparing the water evaporation rate with the rate required by changing the vapor water mass of 
20 "C air at 100 percent RH to 3OoC air at 100 percent RH: 

= 4.79m3s-' = 10200ft3min-' 
0.0623kg/s 

0.O130kg/m3 

Or alternatively, for dry 20 "C air to 30 "C air at 100 percent RH: 

= 2.06m3s-' = 4360ft3min-' 
0.0623kg/s 

0.0303 k g h '  
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These hypothetical calculations indicate that at typical flow rates and realistic temperature 
differentials, sufficient energy could be present in the waste streams exposed to a tank 
atmosphere to create significant amounts of water vapor (and potentially aerosol) loadings 

6.4 ESTIMATED AEROSOL SOURCE TERM 

Even though the previous section indicates the potential to generate significant concentrations of 
water in the atmosphere, particularly when waste is discharged directly to the tank headspace, the 
expected mass concentrations of any aerosols that may be generated in a DST headspace as a 
result of waste transfer are indicated to be small in relation to the typical mass concentrations of 
water vapor in ambient air. Mixing and other mass transfer limitations are probably major 
reasons why such extremes are not actually encountered. It should be noted that under more 
realistic conditions, condensation aerosol concentrations (Section 6-2) are more on the order of 
0.01 g/m3, strongly indicating the previous theoretical examples are not supported by 
observational evidence. 

This can be further illustrated by estimating the terminal velocity of the individual droplets as 
predicted in Figure 6-1. The smallest droplet size is indicated as about 100 pm. Using the 
definition of the coefficient of drag (CD) and a plot of CD versus Re, an argument can be made 
that aerosols of this size will not be persistent in the tank headspace and will quickly settle out 
under the force of gravity: 

Where 

v, = terminal velocity of the dispersed phase (water droplet) = ? (TBD) 
g = 9.81 m s-2 
Dd = diameter of dispersed phase (water droplet) = 1*10-4 m 
Pd = density of the dispersed phase (water droplet) = 1000 kg m-3 at 20 "C 
pc = density of the continuous phase (air) = 1.21 kg m" at 20 "C 

= dynamic viscosity of the continuous phase (air) = 1.81 *lo-' kg m-' s-' at 20 "C 

Using these equations and values, along with a standard CD versus Re plot for spheres, gives: 

v, = 0.53 ms-' 
Re = 3000 
CD = 0.30 

This result indicates that the droplets predicted by Figure 6-1 will exist in a tank headspace at 
most for only a few seconds before settling out and could not build up or otherwise contribute to 
the aerosol concentration over any extended period. 

Example atmospheric water mass loadings in air are shown in Table 6-2 
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Typical atmospheric fog / clouds 
Tank 241-C-106 sluicer aerosol generation test results 
0°C air at 100% relative humidity 
30°C air at 1OoOh relative humidity 

Table 6-2 Water Mass Loading 

-0.01 g/m' 
-0.33 g/m3 
4.82 g/m3 
-30 g/m3 

Claimed performance of DeVilbiss Model 40 nebulizer -SO g/m3 

I 100°C air at 100% relative humiditv I 800 dm3 I 

Condensation (baseline) 

This condition is equivalent to 
subsuflace introduction of a waste 
stream into a DSTvia a dropleg. 

Mechanical generation 

This condition is equivalent to 
introduction of waste stream 
directly into a DSTatmosphere. 

The baseline aerosol concentrations are estimated in Table 6-3. 

The 0.33 g/L mass loading from Table 6-3 was generated from a spray stream with a 43 m/s 
(140 Ws) velocity relative to the surrounding air. Therefore, a concentration expression can be 
theorized to be a function of the square of relative velocity and that it would predict a 
concentration of 0.01 g/L at 0 velocity and 0.33 g& when a water stream is injected into a tank 
headspace at 43 d s  (140 Ws) velocity. Mechanical aerosol generation occurs on conversion of 
kinetic energy to overcome the surface energy of water droplets to create larger numbers of 
smaller droplets (and increase their collective surface area). 

0.01 pn 

0 g/L at 0 m/s (0 Ws) spray velocity 
to 

0.33 g/L at 43 ds (140 Ws) spray velocity 

Table 6-3 Estimated Double-Shell Tank Headspace Aerosol Concentrations 

v,f= 42.7 d~ (140 ftls) 

mass loading = 0.01 1 +33 (-) - ( v', zxgY) 
Liquid waste flow rates into the tank headspace do not factor in to thisjelation because the 
earlier examples suggest that any realistic waste flow rate into a DST atmosphere could easily 
possess the potential to change the water concentrations significantly in the headspace of a DST. 
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For example, a waste that is introduced below a DST surface would not be expected to generate 
an aerosol. A waste stream introduced into the headspace of a DST at 2 d s  (6 fi/s-') velocity 
would indicate an aerosol concentration of 

mass loading = 0.01(1+33 (&)')(?) = 0 . 0 1 0 6 ( ~ )  

A plot of the estimated tank headspace aerosol loadings as a function of the velocity of the 
injection into the DST headspace is shown in Figure 6-4 (where subsurface injection is 
considered to produce a 0.01 g/m-3 aerosol concentration). 
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Figure 6-4. Water Aerosol Mass Loading. 
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7.0 AMMONIA SOURCE TERM 

This study determined the maximum levels of ammonia that could be expected in the vapor 
space of a DST receiving waste through a riser above the liquid surface. Henry’s Law constants 
were used to predict the amount of ammonia that may be transported from one waste tank to a 
receiver DST and released to the DST vapor space. Henry’s Law constants are calculated based 
on several empirical models for the solubility of gases in liquid salt mixtures. Appendix E 
provides the detail of Henry’s Law constant for ammonia as discussed in RPP 494 1. 

An estimated ammonia source term is contained in Table 7-1 below, for the tanks with the worst 
ammonia source term. From the data in Table 7-1, it appears that no tank farm will require 
activated carbon filters for ammonia removal. 

During the 241-SY-101 transfers, ammonia concentration limits of 3000 p/m vol contained in the 
SY farm HVAC notice of construction (NOC) were approached but never exceeded. Another 
ammonia emission limit (Comprehensive Environmental Response, Compensation, and Liabzliiy 
Act of1980 CERCLA) is 45 kg (100 Ib) of ammonia in a 24-hour period. Operations during the 
241-SY-101 transfer were modified to comply with this limit. 

The source term is for the receiver tank, not the source tank as was the case for VOCs, and 
assumes that the waste enters the receiver tank through a short drop leg. The source tank will 
have a lower concentration of ammonia during mixer pump operation based on release of 
retained gas. For the worst tank on Site, 241-SY-101, this amounts to about 20 percent of the 
source term. Should the receiver and source tanks be on the same HVAC header as is the case 
for 241-SY-101 to 241-SY-102 transfers, these ammonia concentrations will be additive. 
Ammonia concentration estimated from transferring 241-SY-101 (3000 p/m vol) with a short 
drop leg may be compared with the actual values recorded during the January 23,2000, to 
January 3 1,2000, transfer to 241-SY-102 (2,000 plm vol) with a subsurface drop leg. The 
3000 p/m vol assumes a waste transfer rate of 530 L/min (140 gal/min). The actual transfer was 
265 L/min (70 gal/min) waste diluted with 265 L h i n  (70 gal/min) water. 

The values in Table 7-1 are from the Hedengren model (RPP-4941) which contains conservative 
assumptions on ammonia solubility. Laboratory tests have been performed to remove the some 
of the conservatism built into the model. Results are anticipated within the month. 
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24 1 -SY- 101 

Table 7-1. Estimated Double-Shell Tank Stack 

3000 

Ammonia Concentrations 

24 1 -AN- 104 
241-AW-104 
24 1 -AN- 102 
241-AN-I 07 
24 1 -AY- 101 

241-AY-102 

1000 
70 

225 
60 
50 
25 

I 241-AN-I03 I 1700 I 
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Total VOC (plm vol) 

1,3-Butadiene (Ib/yr) 

1,4-Dioxan (Ib/yr) 

Ammonia (Ib/yr) 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

** 46 <46 105 108 79 

0.5 21 ND ND ND 17 

10 12.4 ND 4.4 ND 10 

17,500 3,900 4 1 5  161 115 6,900 

8.1 CONCLUSIONS 

No extraordinary tank farm exhaust train cleanup appears to be needed for ammonia or for 
aerosols. However, the TAP concentration for SY and AN farms equal or exceed the SQER 
regulatory limits for 1,3-Butadiene and l,4-Dioxan such that a high-efficiency gas adsorption 
(HElGA) unit should be installed as recommended by HNF-4245. Table 8-1 lists the constituents 
of concern for the various tank farms. 

Table 8-1. Volatile Organic Compounds and Ammonia Emissions 

This study was limited to Phase 1 and Phase 1 extended order tanks. In the future, the SY farm 
will receive waste from additional single-shell tank farms, some of which will have high 
concentrations of organics. 

1, The estimated concentration of ammonia and specific volatile organic components (those 
present in sufficient quantities) that result during waste disturbance are contained in 
Sections 7.2 and 5.3, respectively. 

2. The nonradioactive chemical source terms for ammonia and those specific volatile 
organic components to be used in the design of treatment and monitoring equipment at 
the DST primary ventilation systems are contained in Sections 7.2 and 5.3, respectively. 

3. The estimated quantitative volumes of aerosols that could be produced when using a drop 
leg below the surface of the waste verses vapor space discharge during transfer 
operations are contained in Section 6.4. 
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8.2 RECOMMENDATIONS 

The source term study should be extended to cover the tanks that must be retrieved, staged, and 
transferred to the Privatization Contractor. Data from 241-AZ-101 mixer pump operations 
should be incorporated as the data become available. The existing HEGA unit located on the 
AY/AZ tank farm W A C  should be studied to determine if the HEGA unit is capable of 
supporting the waste feed delivery. If cost effective, AN farm tanks should be sampled for 
retained gas because the emission rates are based on similar waste in 241-SY-101. New results 
may prove that HEGA filters are not required on AN farm. 
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APPENDIX A 

CONCURRENT TANK OPERATIONS 

A significant assumption used in several studies and specifications is that only one tank in a farm 
is being retrieved from or transferred to at any one time. The purpose of this study was to verify 
this assumption. The transfer files from the Tank Waste Remediation System Operation and 
Utilization Plan to Support Waste Feed Delivery, HNF-SD-WM-SP-012 (Case 3S6D) were 
reviewed to determine if multiple tanks would be operated in a tank farm simultaneously. Case 
3S6D was used for this study because it was expected to be representative of Hanford Tank 
Waste Operation Simulator models and should represent likely future cases. 

Table 1 was extracted from the transfer tables and contains only the tank to tank transfers, while 
excluding salt well pumping. The transfer table includes only the duration of transfer pump 
operations. To account for the duration of mixer pump operation before tank transfer, an 
estimated duration for mixer pump operation was added to the transfer time in the transfer tables 
to arrive at a total mixer pump operating duration. Based on discussions with mixer pump 
design engineers, it was assumed that the mixer pumps must operate for two weeks to suspend 
15 1,200 L (40,000 gal) of solids. Duration of mixer pump operation for smaller quantities of 
solids was calculated by prorating the two-week duration based on the ratio of solids. 

Ignoring the times where only a one- or two-day overlap occurred, there were 14 occurrences of 
simultaneous tank transfers into and/or out of one tank farm during the next 20 years. 

Source Term Imuacts 
The impact of concurrent tank operation on source term is minimal. According to Case 3S6D, 
two tanks in one farm were source tanks requiring simultaneous mixer pump operation on five 
occasions. This could affect the VOC emissions. On five different occasions, two tanks in one 
farm were receiver tanks that could affect ammonia emissions. However, since the worst-case 
tank for ammonia (241-SY-101) has been transferred to another SY tank without significant 
ammonia emission concerns, it is concluded that ammonia emission is not a major problem. The 
other four occasions of dual operation in a farm are when one tank is a source tank, and one tank 
is a receipt tank. Considering how infrequent the dual operations occurred during a 20 year 
period, it is a reasonable assumption that for the source term study, only one tank in a farm is 
being retrieved or transferred at a time. Sluicing of a single-shell tank does not contribute 
materially to emissions from DSTs. Based on experience from sluicing 241-C-106, most of the 
emissions occurred in the source tank and little in the receiver tank (241-AY-102). Salt well 
pumping does not materially add to the source term for the receiver tank and, if necessary, can be 
rescheduled to prevent concurrent operations. 

Electrical Studv RPP-5228 
The impact of concurrent tank operations on electrical utilities is minimal. On five occasions, 
two tanks in one farm were source tanks requiring simultaneous mixer pump operation. 
Considering how infrequent the dual operations were over a 20-year period, it is reasonable to 
assume that for the electrical study, only one tank in a farm is being retrieved or transferred at a 
time. Sluicing of single-shell tanks into AY tanks will not cause a problem as the electrical study 
included the simultaneous power needs of mixer pumps, transfer pumps and sluicing pumps. 
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Water and Air Studv RPP-5227 
For the same reasons stated above, the impact of concurrent tank operations on the water and air 
study is minimal. 

Table A-1. Tank Waste Remediation Services Ooeration and Utilization Plan 
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Table A-1. Tank Waste Remediation Services Operation and Utilization Plan 
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Table A-I. Tank Waste Remediation Services Operation and Utilization Plan 

S-109 to SY-103 
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Table A-1. Tank Waste Remediation Services Operation and Utilization Plan 
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A-101 to AY-IO2 
AX-IO1 to AY-102 
AY-I02 to AN-IO3 

Table A-1. Tank Waste Remediation Services Operation and Utilization Plan 

ll / l7/l9 11/16/19 1/21/20 186700 2596 0 
11/17/19 11/16/19 1/21/20 171000 555 0 
lRl/2O 1/19/20 1/22/20 358100 3151 0 1 

AY-I02 tom-102 
S-l 1 1 to SY-103 
C-108 to AY-102 

AX-IO1 toAY-102 l/2l/2O 3/4/20 I 110400 358 I 0 

811 3/20 8/32/20 8/14/20 22338 821 0 
8/13/20 7/31/20 4/27/21 1079000 37085 0 
8/14/20 811 1/20 30/27/20 194200 7263 0 

AN-IO4 to AW-IO3 

SY-102 tom-104 10/5/20 9/26/20 I 10/9/20 1 977000 I 24298 I 0 2 
AN-IO4 tom-102 I 10/9/20 [ ion~o [ 10110/20 I 222300 I 5527 I 0 7 

AN-IO4 tom-106 
AY-I02 to AP-106 
AY-I02 to AP-101 

10/10/20 10/3/2O 10/14/2O 755700 18773 0 
10/27/20 10m/20 lO/28/20 185300 6900 0 1 

10/28/20 10/27/20 lO/28/20 9889 363 0 
To convert gal to L multiply by 3.785 
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UNIT CONCENTRATION FACTORS FROM ISC3 
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24 Hour Average 

Release Concen. S i te  Boundary 
Locations Factor Location 

DON'T SAY IT -- Write It1 September 27. 1996 

To: John S. H i l l  From: Paul D. Rittmann 

Subject: Unit Concentration Factors from ISC3 

H6-25 372-1617 HO-31 376-8715 

Annual Average 

Concen. S i te  Boundary 
Factor Location 

The ISC3 program (EPA-454/B-95-003aI "User's Guide f o r  the Industr ia l  Source 
Complex (ISC3) Dispersion Models". September 1995) was used t o  compute u n i t  
concentration factors f o r  the Hanford S i t e  boundary f o r  24 hour and annual 

100-N & Kbl 
200 West Area 
200 E a s t  Area 
300 .Area 

releases from the  100-N (or 100-K). t he  200 West. the 200 East.  and 300 Areas. 
Hanford s i t e  wind data i s  used f o r  these calculations. The data f o r  each area 

4.17 8.5 km blNW 0.125 8.5 km WNW 
3.46 12.6 km S 0.0585 22.0 km SE 
2.79 17.1 km ESE 0.0793 17.1 km ESE 
38.1 1.1 km E 1.56 1.3 km NE 

Note: Units f o r  the Concentration Factors are .ug/m3 per g/s. 

Note: Annual averages are based on Hanford S i t e  wind data 
co l lected over the years 1986 t o  1995. 
24 hour averages are based on hourly Hanford S i te  wind data 
f o r  the years 1992. 1993. 1994. and 1995. 

I Peak values are given. 

To use these factors.  the rate at: which a chemical i s  released i n t o  the air 
must be computed. To do th i s ,  the t o t a l  amunt ( I n  grams) o f  the chemical 
released i s  divided bv e i ther  86.400 seconds (24 hours) or  31.557.600 seconds - . . . - - - 
(1 year). This ie iea ie  ra te  i s  then multiplied.by one o f  the factors on 
Table 1 t o  compute the average concentration a t  the Hanford s i t e  boundary i n  
pg/m3. The formula below sunarizes the calculat ion.  

(Total Release. grams)*(Concen. Factor.) 
Release Period, seconds 

A i r  Conc (pg/m3) - 
As an example. suppose that 10 grams o f  ammonia i s  released over a 24 hour 
period from the  200 West Area. Then the largest observed a i r  concentration a t  
the Hanford s i t e  boundary over the past four years i s  0.0004 Ug/m' a t  a 
1ocati.on 12.6 km south o f  the 200 Mest Area. 

- 4 . 0 ~ 1 0 . ~  pg/m3 (12.6 km S) (10 grams)*(3.46 pg/m3 per g ls )  

86,400 seconds 
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OS I Page 2 

Method o f  Calcti latino the Conce n t ra t ion  Factors 

The f i r s t  step was t o  estimate distances t o  the Hanford Si te boundary from 
each o f  the  areas o f  i n te res t  In a l l  16 wind transDort direct ions. Tahle 7 _ .  - 
shows the f a c i l i t i e s  selected and the distances obtained from the Hanford Map 
Distance (HI.10) software by P.D. Rittmann. 

- 
D i  r 

N 
NNW 
Wd 
WWd 
W 

WSW 
SU 
ssw 

S 
SSE 
SE 
ESE 
E 

ENE 
NE 
NNE - 

Table 2. D i s t  

100-El and -K 
ces (meters) t o  

200 
CWC 
17300 
15500 
14600 
11800 
11500 
11800 
13800 
15100 
14700 
19200 
24700 
29900 
24300 
24600 
27400 
25000 

2 s t  

REDOX 
20300 
18100 
17200 
13200 
13000 
13300 
15500 
12800 
12600 
18200 
22000 
28700 
25000 
23200 
26400 
28800 

- 
le 'Hanford S i t e  I 

200 -- 
PUREX 
24600 
21200 
21300 
21200 
20700 
21100 
17100 
16800 
19600 
19800 
24300 
20200 
16000 
15300 
18100 
23600 

3st  
I_ 

MESF 
19400 
16700 
18100 
19300 
18900 
19400 
19900 
19600 
22800 
25500 
19900 
17100 
16900 
21900 
26400 

- 

21100 

ndary 
300 Area 

The second step was t o  obtain Hanford S i t e  wind date from Kenneth W. Burk a t  
PNNL. The wind data fo r  each area i s  then used i n  the ISC3 calculat ions. 

The t h i r d  step i s  t o  create input f i l e s  f o r  the ISC3 software. Two o f  the 
input f i l e s  are attached for  reference. The f i r s t  i s  an annual average 
calculat ion using ISCLT, i h i l e  the second i s  a 24 hour calculat ion using 
ISCST. Both use a release height o f  2 meters. wi th  an exhaust f l o w  ra te  o f  
2000 cfm a t  a temperature o f  20°C. These conditions model ground leve l  
releases. 

The f i n a l  step was t o  arrange the ISC3 resul ts  i n t o  Tables 3 and 4. 
case concentration factor was taken f o r  each area. These worst-case resul ts 
are l i s t e d  i n  Table 1. 

The worst 
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D i  r 

N 
NMd 
NA 
WN’A 

W 
wsw 
SW 
ssw 
S 

SSE 
SE 
ESE 

E 
EN€ 
NE 
NNE - 

O i  r 

N 
NNW 
N W  
WN’h! 

w 
wsw 
‘SW 
SSGl 
S 

SSE 
SE 
ESE 
E 

€NE 
NE 
NNE - 

Table 3. Annual Average Concentrat 
from Ground Leve’ 

nd -K 
100 

100-N 
100 N 

1.0500 
1.0656 
0.1064 
0.1252 
0.0863 
0.0373 
0.0234 
0.0126 
0.0136 
0.0131 
0.0230 
0.0504 
0.0661 

0.0389 
0.0318 

0 i 0555 

200 
cwc 

0.0249 
0.0311 
0.0381 
0.0351 
0.0290 
0.0233 
0.0212 
0.0246 
0.0366 
0.0368 
0.0500 
0.0532 
0.0505 
0.0306 
0.0182 
0.0153 

!St 
REDOX 
0.0200 
0.0251 
0.0303 
0.0299 
0.0243 
0.0196 
0.0179 
0.0312 
0.0457 
0.0396 
0.0585 
0.0562 
0.0486 
0.0331 
0.0191 
0.0127 

Table 4. 24 Hour Average Concentrat 
I from Ground Level 

100-N 
100 N 
3.75 
3.20 
2.29 
4.17 
2.51 
1.42 
0.81 
0.92 
0.90 
0.81 
0.51 
1.62 
3.23 
2.71 
0.61 
2.36 

- 
nd -K I 200 
100 Kbl 

0.96 0.79 

1.01 
0.90 2.64 

1.44 2.51 
2.76 2.44 

1.69 
0.48 0.91 
2.15 1.96 

st 
REDOX 
1.70 
2.84 
0.64 
1.94 
2.91 
1.69 
0.71 
2.30 
3.46 
2.78 
1.12 
2.61 
2.38 
1.78 
0.95 
1.70 

n Factors (pg/ma per g/s) 
leleases 

200 E a s t  
PUREX 

0.0220 0.0276 
0.0173 0.0197 
0.0150 0.0171 
0.0112 0.0126 
0.0154 0.0124 
0.0153 0.0123 

0.0189 0 :0133 

0.0629 0.0793 
0.0585 0.0542 
0.0366 0.0224 
0.0207 0.0124 
0.0117 0.0136 

300 Area 
-%qTG 

200 
PUREX 
1.29 
1.95 
0.53 
1.16 
1.74 
0.29 
1.31 
1.39 
1.69 
1.31 
1.00 
2.36 
1.73 
1 :10 
0.41 
0.97 

Page 3 

15t 

WESF 
1.71 
2.45 
0.62 
1.28 
1 .89 
0.32 
1.13 
1.20 
1148 
1.02 
1.29 
2.79 
1.64 
0.73 
0.26 

- 

1.08 

300 Area 
G-pG- 

7.63 
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September 27.  1996 DS I 

ISCLT Input Fi le  for  100-N Area 

CO STARTING 
TITLEONE Ground Leve l  Ern l r r ionr  f r a  100-N Area 
MMIELOPT OFAULT CONC RURAL 
AVERTIHE a m 8 1  
POLLUTIO Unknown 
RUNORNOT RUN 

CO FINISHEO 

SO STARTING .. 2000 cfrn glrcc ht,m t w ' K  Wsac d1ua.m 

SO FINISHED 

LDCATION Exhaus t l  POINT 0.0 0.0 0.0 

SRCPARAN Exhaust1 1.0 2.0 293.0 2.0 0.775 
SRCGRWP ALL 

RE STARTINO 
** These 8ra t h e  U P 8 8  order -. counter 
** Olstanses from 1OO.N are 1.3,5. ... : 

OlSCPOLR E x h a u r t l  9600 0.0 
DISCPOLR Exhaus t l  11000 0.0 
OISCWLR Exhaus t l  8700 337.5 
OISCWLR E x h a u r i l  8900 331.5 
OISCPOLR E x h a u r t l  8300 315.0 
DIECPOLR Exhaust1 8700 315.0 
OISCPMR Exhaust1 8500 292.5 
DISCPOLR E x h a u r t l  10100 292.5 
DISCPOLR Exhaus t l  11500 270.0 
DISCPOLR Exhaust1 12100 270.0 
OISCPOLR Exhaust1 17500 2b7.5 
OISCPOLR Exhaust1 1.5700 267.5 
OISCPOLR Exhauscl 20500 225.0 
OlSCPOLR Exhaust1 17600 225.0 
DISCPOLR E x h a u r t l  28400 202.5 
DISCPOLR Exhaus t l  25600 202.5 
DIECPOLR Exhaus t l  28600 180.0 
OISCPOLR E x h a u r t l  25200 180.0 
DISCPOLR E x h a u r t l  34100 157.5 
OISCPOLR E x h e u r t l  31000 157.5 
DISCPOLR E x h r u a t l  27500 135.0 
DISCPOLR Exhaust1 32100 135.0 
DISCPOLR E x h r u r t l  19100 112.5 

OISCPOLR Exhaust1 17300 90.0 
OISCPOLR Exhaust1 . 20600 90.0 
OISCPOLR Exhaust1 17500 61.5 
OISCPOLR Exhaust1 20400 61.5 
DISCPOLR Exh8U l t l  16300 45.0 
DISCPOLR Exhaus t l  19900 45.0 
DISCPOLR Exhaus t l  13800 22.5 
DISCPOLR Exhaus t l  15200 22.5 

DISCPOLR Exhaus t l  21700 112.5 

RE FINISHEO 

ME STARTING 
INPUTFIL JF100NlO.STA FZEE 
ANEMHGHT 10.0 
SURFOATA 67656 1995 WANFORD100 
UAIRDATA 67656 1195 HANFO~OlOO 

from 
from 

N 
100-kli r re  2.6.6, ... 

Page 4 

STARDATA ANNUAL 

AVESPEEO 1.00 2.602 4.6% 7.153 9.835 14.306 
AVETEMPS ANHUAL 6'285.3 
AVEHIXHT ANNUAL A 6'1000.0 
AVEHIYHT ANNUAL 8 6'1000.0 
AVElllXHT AMVU&L C b*IOW.O 
AVEHIXHT ANNUAL D 6*1000.0 
AVEHIXHT AH!IUAL E 6'1000.0 
AVEMIXHT AIINUAL F 6'1000.0 

** UINOCATS 1.361 3.576 5.ML 8.494 10.729 

ME F l l l l S H i O  
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September 27. 1996 DS I 

ISCST Input F i l e  f o r  200 West Area 

CO STARTIWC 
TITLEONE 
HOOELOPT 
AVERT INE 
POLLUTIO 
RUNORNOT 

CO FINISHEO 

SO STARTING 
LOCATION 

f. 

SRCPARM 

~ r o v n d  L A I  'Emissions t r m  ZOO west Area 
HSGPRO CONC RURAL 
24 
Unknown 
RUN 

SRCGRWP ALL 
SO FINISHED 

Exhaurtl POINT 0.0 0.0 0.0 
2000 sfnt p h c  ht,n temp'K Wsec di.m.n 
Exhaustl 1.0 2.0 293.0 2.0 0.775 

R E  STARTING ** Dirtancar from CUC are 1.3.5 ,... ; Olstances frrn REOOX are 2'6.6 .... 
DISCPOLR Exhrurtl 17300 0.0 
OISCPOLR Exhaust1 20300 0.0 
DISCPOLR Exhaust1 15500 337.5 
DISCPOLR Exhaustl 10100 337.5 
OISCPOLR Exhaurtl 14600 315.0 
OISCPOLR Exhwstl 17200 315.0 
OISCPOCR Exhaustl 11800 292.5 
DISCPOLR Exhaurtl 13200 292.5 
OISCPOLR Exhaust1 11500 270.0 
OISCPOLR Exhaustl 13000 270.0 
OIsCPOLR Exhaustl 11800 247.5 
DISCPOLR Exhaust1 13300 247.5 
OISCPOLR Exhaurtl 13800 225.0 
DISCPOLR Exhaust1 15500 225.0 
OISCPOLR Exhalilt1 15100 202.5 
DISCPOLR Exhaurtl 12800 202.5 
DISCPOLR Exhaustl 14700 180.0 
DISCPOLR Exhaust1 12600 180.0 
OlSCPOLR Exhrurtl 19200 157.5 
DISCPOLR Exhaustl 18200 157.5 
DISCPOLR Exhaust1 24700 135.0 
DISCPOLR Exhadtl 22000 135.0 
OISCPOLR Exhaust1 29900 112.5 
OISCPOLR Exhaust1 28700 112.5 
OISCPOLR Exhaurtl 24300 90.0 
OISCPOLR Exhaurtl 25000 90.0 
DISCPOLR Exhaust1 24600 67.5 
DISCPOLR Exhaust1 23200 67.5 
OISCPOLR Exhrurtl 27400 45.0 
OISCPOLR Exhaurtl 26400 45.0 
OlSCPOLR Exhaustl 25000 22.5 
OISCPOLR Exhaustl 28800 22.5 

RE  FINISHED 

NE STARTING 
INPUT F 11 EPA92-95.2'd 
ANEEIHCHT 10.0 
SURFOATA 67656 1992 Hanford-200 
UAIROAIA 67656 1992 Hanford-200 

HE FINISHED 

W STARTING 
RECTABLE ALLAVE FIRST 
HAXTAJLE ALLAVE 20 

00 F I I I ISHEO 

Page 5 
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APPENDIX D 

AN AEROSOL PRIMER 

This appendix is a partial reprint of Appendix A (“An Aerosol Primer” [by J. L. Huckaby]) from 
(WHC-SD-WM-ER-I 8 1). It provides convenient definitions and summaries of aerosol 
behaviors. The italicized text and bolding are added for emphasis: 

The term aerosol refers to a collection of suspended solids or liquid particles in a gas. 
Fogs, smogs, clouds, smoke, and fumes are aerosols. Household aerosol spray cans 
generate an aerosol of whatever liquid is in the can; the compressed gas that forces the 
liquid out is not an aerosol. 

Generally, an aerosol consists of solid and/or liquid particles having diameters in the 
lOOpm to 0.01pm range. In terms of more common objects, coarse human hair is about 
1 0 0 p  thick, soap bubble films are about Ipm thick, smaller cigarette smoke particles 
are about 0. lpm in diameter, and a typical virus has a diameter of about 0.01pm 
(Hinds 1982). Particles with a diameter of less than about O.1pm are easily 
suspended and their motion tends to be controlled by diffusion (Le., Brownian 
motion) (Hinds 1982). For larger particles, having diameters between about 0.1 and 
lpm, the effects of diffusion and gravitational settling are both important to particle 
motion. Still larger particles, with diameters greater than about lpm, tend to be 
more strongly influenced by gravitational settling than by diffusion. 

An important property of aerosols is that they have large surface areas per unit 
volume of the particulate phase. This allows a maximum of interface between the 
condensed phase and the vapor phase, and promotes rapid establishment of the vapor- 
liquid equilibrium. While a small puddle of water can set for hours in a room with 50’?’0 
relative humidity, the same amount of water sprayed into the room as an aerosol of lpm 
droplets would evaporate in less than 1 second. The large surface area per unit volume of 
the condensed phase also enhances the ability of a liquid aerosol to scrub soluble vapors 
from the ambient gas. Furthermore, for most practical purposes (a notable exception 
being a moving flame front) there are no thermal or concentration gradients within 
individual liquid droplets to impede the establishment of gas phase - droplet phase 
equilibrium (Huckaby 1986). 

One property of aerosols that is relevant here is that they scatter visible light. This makes 
the aerosol visible to the naked eye even though the individual aerosol droplets may be 
too small to be visible. Aerosols of clear liquids, such as water and normal paraffin 
hydrocarbon (NPH), appear white in white light, and attenuate the light passing through 
them. This means that if a non-trivial aerosol is present in a waste tank, it will be 
visible (given adequate light in the headspace). Furthermore, if a waste tank aerosol 
appears diffise (as opposed to thick or milky), it has a relatively low number of droplets 
per unit volume, and a correspondingly low mass per unit volume. The appearance of an 
aerosol as a very dense fog does not, however, imply that it contains a great deal of mass 
in the droplet phase. Very thick, milky fogs can occur as a result of a large number of 
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very small droplets per unit volume, and yet actually have a relatively low mass in 
droplet form. 

Aerosols can be generated by subdivision of bulk material (e.g., fine wood dusts or 
atomized liquids from spray cans) or by condensation of a supersaturated vapor in a 
gas. In the (ambient) waste tanks the mechanism is condensation. An example of a 
condensation aerosol occurs when you take a shower: air becomes warmed and virtually 
saturated with water vapor in the shower and rises. A fog or mist begins to form near the 
ceiling since contact with the ceiling cools the warm vapor-laden air below its dew point 
temperature. Settling mist evaporates as it falls, eventually saturating lower regions with 
water vapor. Since the mist cannot evaporate in vapor-saturated air, the layer of fog 
along the ceiling appears to get thicker as the mist falls further and hrther before 
evaporating. Eventually, if the shower is left on, the entire room will be filled with a fog. 

Technically, the condensation of a supersaturated vapor to form an aerosol particle can 
occur via homogeneous or heterogeneous nucleation. Homogeneous nucleation requires 
very specialized conditions and is not a significant mechanism in the waste tanks. 
Heterogeneous nucleation involves the condensation of vapor on fine particles or ions 
already present in the gas. Airborne dust particles introduced to a fog-producing waste 
tank serve as sites for the condensation of vapor, and are eventually "rained out" of the air 
space as the fog droplets grow and fall fiynot removed by venfilation). This process is so 
effective, it is the basis of certain ultra-clean room technologies. Waste tanks that have 
fogs in their headspaces are consequently not apt to have significant amounts of 
suspended radioactive dusts. 

In principle the dynamic generation of fog droplets in the waste tanks via heterogeneous 
nucleation would eventually remove dust and ions from the tank air space and leave no 
sites for further heterogeneous nucleation. This does not occur, however, since the 
ionizing radiation within the tanks generates aq ample supply of ions from air molecules 
to serve as nucleation sites and maintain the process. 

Condensation aerosols in a nuclei-rich environment, such as the headspace of tank 
241-C-103, typically have small average particle diameters. As the droplet size in an 
aerosol decreases, settling and coagulation effects decrease, making it possible to have 
more droplets per unit volume. However, a very dense aerosol having a relatively 
small average droplet diameter (e.g., 0.3pm) will have much less droplet phase mass 
per unit volume that a relatively diffuse aerosol with a much larger (e.g., 3pm) 
average droplet diameter. 

An aerosol having 10 mg per liter of liquid in the droplet phase would be considered 
to be a very concentrated aerosol (from conversations with other aerosol scientists, 
particularly M.W. Ligotke of Pacific Northwest Laboratories). While it is certainly 
possible to generate aerosols having densities greater than 10 mg per liter 
(10,000 mg/m3), special conditions would be required to sustain them. To give some 
perspective, typical atmospheric fogs have a mass concentration of about 0.01 mg 
per liter (10 mg/m") (Hinds 1982). 
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HENRY’S LAW CONSTANT FOR AMMONIA 
This section is extracted from RPP-4941. The equilibrium concentrations of gases that exist 
between the vapor phase and aqueous solutions can be represented by the Henry=s Law 
expression. 

x3 KHP 

where p is the partial pressure of a particular gas expressed in atmospheres, KH is the Henry=s 
Law constant for that gas, and X is the concentration of that gas in the aqueous solution. The 
Henry=s Law Constant for a gas depends on several variables, including temperature and the 
concentrations of the various ions in solution. 

Of the models reviewed in Composition and Quantities of Retained Gas Measured in Hanford 
Waste Tanks 24I-AW-IOI, A-IOI, AN-I05. AN-104, andAN-IO3, PNNL-11450, the Schumpe 
model (“Estimation of G a s  Solubilities in Salt Solutions, Schumpe 1993) gave the best 
agreement with experimental values from saturated waste. The Schumpe model is given by 
Equation 2. 

where CG,O and CG denote the gas solubility of gas G in pure water and in a salt solution, 
respectively; K H , ~  (water) and K~,~(solution) are Henry=s Law constants for soluble gas G in 
pure water and salt solutions; hi and h~ are the ion and gas-specific coefficients; and ci (mom) is 
the concentration of ion Aiz in the salt solution. The gas-specific constant, h ~ ,  is assumed to be 
a linear function of temperature. 

The b . 0  is the reference value, and hT is the temperature-specific coefficient. 

Values of ho.0 and hT for ammonia, hydrogen, and methane are given in Table E-1 

The terms 3ci and 3hici are calculated using ion concentrations obtained from a variety of 
sources, including the best-basis data and tank characterization data and assumptions based on 
similar waste types. The values for the ion-specific constants hi are presented in Table E-2 
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Hydrogen 

Table E-1 . Values of hG.0 and hT1 

-2.99 E-4 -0.0218 
I Ammonia I O* I -0.048 1 I 

Methane -5.24 E-4 0.0022 

Ion 

Na +I  
Al+3 10.2174 1 

L 
mole hi, - 

0.1143 

I Fe+3 10.1161 I 

I Ni +2 1 0 1654 I 
I ~ r + 3  10.0648 I 

I OH-1 10.0839 I 

Ni +2 
K +1 

OH -1 

0.1654 
0.0922 
0.0839 

~ .. - 

K +1 

~ 

10.0922 

I NO3 -1 10.0128 I 

Br -1  

NO2 -1 10.0795 
C03 -2 10.1423 I 

0.0269 

I PO4 -3 10.2119 I 
SO4 -2 I0.1117 1 

1 F-1 /0.0920 I 
I c1-1 10.0318 I 
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The various Henry=s Law constants, K~,~(solution), for each tank waste solution are obtained by 
dividing the appropriate temperature dependent value of KH,o(water) calculated with equation 5 
by its corresponding Schumpe ratio of KH,G(water)/KEo(solution). 

The Henry=s Law constant obtained through the above procedure must be converted from a 
molal basis, moles of solute per kilogram of solvent (water) in solution, to a basis of moles per 
volume of solution. The conversion is accomplished by calculating: 

KH , L liquid wastebasis = (KH, kg waterbasis) &aL (4) 

where OL is the weight fraction of water in the solution and PL is the solution density 

Equations for Henry=s Law constants are reported for various gases including ammonia, 
hydrogen, and methane in water (Norton and Pederson 1995). The equation and its source for 
each gas at 1 atmosphere in equilibrium with water is given below. The equation for methane is 
correctly reported in PNNL-11450. 

Ammonia (Journal of Physical Chemistry, Clegg and Brimblecombe 1989): 

KH,NH3 [mOle/kg water-atm] = exp[-8.0964 -k 3917.5OlT - 0.00314 X TI, T = 9< (5) 
A description of the dynamic model used is given in Appendix B of RPP-4941. 
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Aging Waste. High level, first cycle solvent extraction waste from the PUREX plant (NCAW). 

Complexant Concentrate. Concentrated product from the evaporation of dilute complexed 
waste 

Dilute Complexed Waste. Characterized by high content of organic carbon including organic 
complexants: EDTA, HEDTA, being the major complexants used. Main sources of 
dilute complexed waste in the DST system are saltwell liquid inventory from SSTs. 

Dilute Non-Complexed Waste. Low activity liquid waste originating from T and S Plants, the 
300 and 400 Areas, PUREX facility (decladding supernatant and miscellaneous waste), 
100 N Area (sulfate waste), B Plant, saltwells, and PFP (supernate). 

Double-Shell Slurry Feed. Waste concentrated just before reaching the sodium aluminate 
saturation boundary in the evaporator without exceeding receiver tank composition 
limits. This form is not as concentrated as DSS. 

Double-Shell Slurry. Waste that exceeds the sodium aluminate saturation boundary in the 
evaporator without exceeding receive tank composition limits. For reporting purposes, 
DSS is considered solid. 
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