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UNREVIEWED SAFETY QUESTION (USQ) 
SCREENING AND EVALUATION 

1. Identification Number: LW-00-008 USQ SCREENING Page 1 of 4 

1 ECNNo. PCA No. 

Work Pkg No. 

TITLE: Process Control Plan for 242-A Evaporator Campaign 2000-1 

Description of the proposed activitylreportable occurrence or PIAB: 

EDT 628228 is used to issue the Process Control Plan (PCP) for the 242-A Evaporator Campaign 2000-1. The purpose 
the PCP is to provide a general description of activities, which will take place during 242-A Evaporator Campaign 2000-1 
and to document analyses conducted to demonstrate that the proposed waste is acceptable for processing. 

Introduction: 

The wastes in tanks 107-AP and 108-AP are designated as feed for 242-A Evaporator Campaign 2000-1, which is 
currently scheduled for the week of April 17,2000. Waste in tanks 107-AP and 108-AP is predominately comprised of 
saltwell liquor from 200 West Tank Farms. 

Other (Specify) EDT No. 628228 

Scope: 

Campaign 2000-1 will process approximately 1,350,000 of processable waste from tanks 107-AP and 108-AP with a 
projected overall Waste Volume Reduction Factor (WVRF) of 53 percent after the completion of the campaign. This 
USQ document addresses the processing of this waste through the 242-A Evaporator. No additional processing or 
other waste streams are analyzed. 

A-6000-615 (10195) GEF319 
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UNREVIEWED SAFETY QUESTION (USQ) 
SCREENING AND EVALUATION 

1. Identification Number: LW-00-008 USQ SCREENING Page 2 of 4 

2. Title: Process Control Plan for 242-A Evaporator Campaign 2000-1 

Authorization basis: 

-he Authorization Basis for the 242-A Evaporator is contained in HNF-SD-WM-SAR-023,242-A Evaporafor/C~sfallizer 
Safety Analysis Report, Rev. 3C, (242-A SAR). The PCP documents that the operation of the 242-A Evaporator during 
:ampaign will meet all requirements specified in this document. The PCP also documents that any discharge streams will 
neet the acceptance criteria of the receiving facility. The Liquid Effluent Retention Facility (LERF) receives the process 
:ondensate from the Evaporator and the Treated Effluent Disposal Facility (TEDF) receives the steam condensate and 
Jsed cooling water streams.' Acceptance criteria for wastk streams discharged to the LERF are specified in HNF-SD-LEF 
4SA-002, 242AL Liquid Effluent Refention Facility Auditable Safety Analysis, Rev. 1, (LERF ASA). Acceptance criteria for 
he TEDF are specified the 200Area TEDF lnferface ControlDocumenf, HNF-SD-W049-ICD-001, Rev. 5C. The PCP 
ncludes discussions and analyses to meet the requirements for discharge to these facilities. 

The design basis accidents for the 242-A Evaporator are discussed in Chapter 9 of the SAR, with the consequences of 
hese accidents summarized in Tables 9-11, 9-12, 9-13, 9-14, 9-16, and 9-17. These consequences are based on waste 
3t the bounding radiological source strength as summarized in Chapter 9, Table 9-2. Operational Safety Requirements 
r e  contained in Chapter 11 of the SAR. These include restrictions on the feed and slurry streams such as the maximum 
'adiological source strength and fissile radionuclide concentration control for criticality concerns. The PCP documents 
he analyses performed to verib that the feed and slurry product meet all composition requirements. It also documents 
he analyses used for verification of acceptability of the slurry product to the Double Shell Tank (DST) system 

Conclusion: 

Analyses include comparisons of feed and expected slurry, process condensate, and gaseous effluent analyte 
concentra~ons or quantities to limits specified in the Authorization Basis documents. Where limits are of safety concern, 
the analyses include worst case values to ensure compliance with applicable limits. In all cases, both the feed and the 
resulting waste streams were shown to be within the limits specified in the Authorization Basis documents. Therefore, 
operation of the Evaporator under the conditions specified in the Process Control Plan may proceed at the discretion of 
the contractor. Additional DOE approvals for USQ concerns are not required. 

References: 

NF-SD-WM-SAR-023, Rev. 3C, 242-A Evaporafor Safety Analysis Repod, 

NF-SD-LEF-ASA-002, Rev. 1, 242AL Liquid Efnuenf Refenfion Facility Auditable Safety Analysis. 

NF-SD-W049-ICD-001, Rev. 5C, 200 Area TEDF lnferface Control Documenf. 
'I 
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UNREVIEWED SAFETY QUESTION IUSQ) 4d- 5 997 

1. Identification Number: LW-00-008 USQ SCREENING Page 3 of 4 

INSTRUCTIONS: 

QUESTIONS: 

Respond to each question and provide justification for each response A ieslatement of the question does not constitute a satisfactory justification or 
basis. An adequate justification provides suficient explanation such that an independent reviewer could reach the same conclusion based on the 
information provided IDOE 5480.21, 10.e 11. 

1. Does the PROPOSED CHANGE or 06CUERENCE represent a change to the facility or procedures as described in 

0 N/A [XI No [I Yes/Maybe 
the AUTHORIZATION BASIS? 

BASIS: No changes to the facility are being proposed by the EDT or the PCP. As stated above, the PCP documents that 
the feed and the resulting waste streams are within the limits specified in the Authorization Basis documentation. The 
PCP also describes the activities, which will take place during Campaign 2000-1. None of the proposed activities 
involves physical changes to the facility or changes to the way that the facility is operated as described in the 
Authorization Basis documentation. 

2. Does the PROPOSED CHANGE or OCCURRENCE represent conditions that have not been analyzed in the 

0 NIA [XI No 0 YesIMaybe 
AUTHORIZATION BASIS? 

BASIS: No changes to the facility are being proposed by the EDT or the PCP. . None of the proposed activities during 
campaign 2000-1 involves physical changes to the facility or changes to the way that the facility is operated as 
described in the Authorization Basis documentation. 

3. Does the PROPOSED CHANGE represent a test or experiment NOT described in the AUTHORIZATION BASIS that 

p] NIA 0 No 0 Yes/Maybe 
may affect the safe operation of the facility? 

BASIS: No testing or experimentation is proposed by the EDT or PCP. 

4. Does the proposed change or occurrence represent a change to the Technical Safety Requirements or a reduction in 

0 NIA [XI No 0 YeslMaybe 
the margin of safety defined in the Technical Safety Requirements? 

BASIS: Operational Safety Requiremeqts (OSRs) and their bases are found in Chapter 11 of the SAR. The EDT and 
PCP are in compliance with all applicable OSRS. 

6000-615 (10/95) GEF319 C, 



UNREVIEWED SAFETY QUESTION (USQI 

1. Identification Number: LW-00-008 

.I 

SCREENING AND EVALUATION 
USQ SCREENING Page 4 of 4 

USQE #1 Elvis Q. Le USQE #2 Mark W. Bowman 

(Print Name) (Print Name) - 
Date: <[C/o% %A/&&-,- D a t e : ' Y - S - b D  

-ture Signature 

If there is a YESIMAYBE response to questions 1, 2, 3, or 4, then a USQ Evaluation must be completed. 

The following guidance should be considered when completing this screening This guidance should not be considered all-inclusive; additional factors may need to be considered 
depending on the nature of the proposed change. 

Does the proposed change: 

7) 

Modify, add, or delete a safety class function of a structure, system or component stated in the authorization basis? 

Alter the design of a structure, system or component as described in the authorization basis? 

Modify, add, or delete the description of operation, operating environment, or analyses of any system or component described in the authorization basis? 

Modify. add, delete or conflict with any of the design bases stated in the authorization basis? 

Conflict with the principle or general design criteria stated in the authorization basis? 

Modify, add, or delete any planl design features described in the authorization basis7 

Modify, add, or delete a flaw diagram or facility drawing provided in the authorization basis? 

Create the potential for new system or component interactions (e.9.. seismic, electrical breaker coordinatlon)? 

d 
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PROCESS CONTROL PLAN FOR 242-A EVAPORATOR CAMPAIGN 2000-1 

1.0 INTRODUCTION 

The purpose of the 242-A Evaporator Campaign 2000-1 Process Control Plan (PCP) is to ensure that the 
campaign feed is processed within established safety and regulatory requirements, and the Evaporator 
sluny product is safe to transfer to and store in the slurry receiver double-shell tank. The PCP also 
provides a general description of process strategies and activities, which will take place during Campaign 
2000-1. 

The PCP is required prior to the campaign per w1wI-331, Section 3.2, Process Control Plans 
(WIvIH 1998). The processability of the campaign feed waste is addressed in the PCP based on the 2 4 2 4  
Evaporator Data Qualify Objectives, (DQO) WHC-SO-WM-DQO-014 (Von Bargen 1998). The 
processability requirements ensure: (1) slurry products are compatible with the 102-AW feed tank, 106- 
AW slurry receiver tank, and Evaporator requirements; (2) operations will be performed within 
Evaporator, LERF, and storage tank safety boundaries; (3) Evaporator environmental and regulatory 
compliance is maintained. 

The wastes in tanks 107-AP and 108-AP are designated as feed for 242-A Evaporator Campaign 2000-1. 
After 107-AP tank waste characterization sampling on August 30, 1999, the 107-AP waste was transferred 
into 102-AW feed tank in preparation for Evaporator Campaign 2000-1, The 102-AW feed tank currently 
contains approximately 970,000 gallons of non-complexed supernate from tank 107-AP and 30,000 gallons 
of residual sludge. A 6-day pre-campaign training run will generate approximately 30,000 gallons of water 
into feed tank 102-AW. To meet the performance initiative of the Office of River Protection, CHZM HILL 
Hanford Group, Inc (CHG) requested Waste Management Project of Fluor Hanford to process additional 
tank waste during Evaporator Campaign 2000-1. Approximately 350,000 gallons of additional waste from 
tank 108-AP will he transferred to 102-AW feed tank and processed through the Evaporator. Therefore, 
the total feed volume for this campaign will be approximately 1,350,000 gallons. The waste from tanks 
107-AP and 108-AP is predominately comprised of saltwell liquor from 200 West Tank Farms. 
Based on current characterization data from waste tanks 107-AP and 108-AP and the assessment of waste 
processability presented in Section 5 of this PCP, the waste is acceptable for processing through the 
Evaporator. 

The Index of Technical Operating Controls (Appendix A) identifies safety and environmental related 
documents relevant to this campaign. Appendices B and C contain sampling information and sample 
results from the tanks 107-AP and 108-AP feed characterization analyses which arc used to prepare this 
document. The feed composite and projected slurry data are in Appendix D. Appendices E through G 
contain calculations and printouts from the PREDICT computer model. Appendix H contains the DEFT 
sampling requirement results for the campaign and Appendix I contains the letters, which were referenced 
in this document. 

Evaporator Campaign 2000-1 will be the eighth operation of the 242-A Evaporator since completion of 
Project B-534 upgrades in 1994. The most significant modifications made after the last campaign are the 
bypassing of 207-A steam condensate retention basins and the transfer of responsibility for all piping and 
transfer equipment outside the 242-A Building to the River Protection Project (RPP). The three 207-A 
steam condensate retention basins, each having a working volume of ahout 50,000 gallons, are located 
directly east of the 242-A Building. As originally designed and operated, these basins were used to retain 
steam condensate until sample analyses verified acceptability for discharge to the B-pond system. 

d 



HNF-5997 Revision 0 

After Evaporator Campaign 99-1, the pipe-line was modified to allow steam condensate to discharge 
directly to the Treated Effluent Disposal Facility (TEDF) via the used raw water line, bypassing the basins 
entirely. Responsibility for maintaining the transfer equipment between the Evaporator and Tank Farms 
was given to Waste Management Hanford (later Fluor-Hanford) following contract transitions which 
placed the Evaporator and Tank Farms under separate contractors. This posed administrative problems 
because much of the equipment was inside AW Tank Farm. Following approval and implementation of the 
Tank Farm Basis for Interim Operation, it was decided to transfer responsibility for these systems (which 
include pits, cleanout boxes, transfer piping, etc.) to RPP. To do this, the 242-A Evaporator Safety 
Analysis Report (SAR) was modified to show the boundaries of the facility arc at the 242-A Building 
walls. 

2.0 CAMPAIGN OBJEXTIVE 

Evaporator Campaign 2000-1 will process approximately 1,350,000 gallons of partially concentrated non- 
cokplex wastes in tanks 107-AP and 108-AP with a projected overall Waste Volume Reduction Factor 
(WVRF) of 53% after completion of the campaign. The projected overall WVRF is based on maximum 
theoretical WVRF from pre-campaign laboratory boildown studies of the 107-AP and 108-AP waste. The 
studies indicated that the desired specific gravity (SpG) of 1.41 will be reached at 57% WVRF (Bechtold 
20004 for 107-AP waste and at 50%WVRF for 108-AP waste (Bechtold 2000b). The overall campaign 
WVRF of 53% also includes three percent WVRF loss due to water addition to the Evaporator vessel 
during flushing at the end of the campaign. The campaign will be controlled at SpG of 1.41 to prevent 
creating conditions for flammable gas accumulation in the slurry receiver tank. 

The 107-AP waste has been staged in 102-AW feed tank in preparation for Evaporator Campaign 2000-1 
start-up, which is scheduled for week of April 17,2000. The campaign will begin with the processing of 
102-AW feed tank waste. Then, approximately 350,000 gallons of 108-AP tank waste will be transferred 
into 102-AW tank, when space is available. To obtain the maximum possible waste volume reduction, the 
Evaporator slurry density indicators (DI-CA1-I and DI-CAI-2) will be carefully monitored and the slurry 
flow rate will be controlled to maintain a SpG at 1.39 - 1.4 1. Batch slurry transfers may be required to 
achieve the target WVRF if sufficient boil-off rate (-54 gpm) for continuous transfer cannot be obtained. 
The Evaporator density monitoring systems were modified at the end of last campaign to isolate air-leakage 
into the dip tubes from the water dripping systems. This will allow more precise SpG control of slurry 
product. Throughout the campaign slurry samples will be taken to verify the actual densities and compared 
against Evaporator slurry density indicators. The SpG of the sluny product will also be carefblly 
monitored and controlled to obtain the campaign objective of 53% WVRF (slurry product SpG of 1.41). 

Fiscal Year 2000 Performance Incentive DE-AC06-RL13200 requires Waste Management Project of FH 
to complete at least 85% of the target overall WVRF for 242-A Evaporator Campaign 2000-1. The 
performance agreement will be met if a final WVRF of 45% is achieved at the end of the campaign. 

Pre-campaign laboratory boildown studies indicate slight foaming when processing 107-AP waste and 
moderate foaming when processing 108-AP waste. To prevent potential operating problems caused by 
foaming, a small amount of anti-foam chemical will be added when processing 107-AP in the beginning of 
the campaign and a moderate amount of anti-foam will be used when processing the mixture of 107-AP and 
108-AP wastes during the last part of the campaign. 

2 
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Throughput for the campaign is estimated to be 1,400,000 gallons. The processing time for the campaign 
will be approximately 19 days, including startup and shutdown. SIurry generated from this campaign will 
consist of about 594,000 gallons of dilute double-shell slurry feed (DDSSF) waste with a maximum SpG 
of 1.4 1. Slurry product will be temporarily stored in tank 106-AW. Approximately 869,000 gallons of 
process condensate will be transferred to LERF Basin 42. Steam condensate and cooling water estimated to 
be 1.8 million gallons and 71 million gallons, respectively. Evaporator campaign 2000-1 will run with the 
ion exchange column off-line and process condensate recycle system on-line. Both slurry product and 
process condensate radionuclide concentrations are predicted to be well below their respective radionuclide 
dose consequence limits. The calculations and assumptions used to determine WVRF, tbroughput, 
duration, and process condensate generation are contained in Appendix F. 

3.0 WASTE SAMPLE ACQUISITION 

3.1 PRE-CAMPAIGN FEED SAMPLE NUMBER ANALYSIS 

The strategy for determining the number of pre-campaign feed tank samples is specified in 242-A 
Evaporator DQO (Von Bargen 1998). This document governs sampling decisions, such as number and 
location of samples to be pulled, based on preliminary information on primary analyte concentrations 
within the tank. 

The number of required samples is calculated using power analyses (EPA 1994). Tanks 107-AP and 108- 
AF' preliminary concentrations of critical analytes are compared to Evaporator waste acceptability limits to 
statistically determine the minimum number of samples necessary to verify the composition of the waste. 
The statistical analysis accounts for the desired confidence level and how close the critical.concentrations 
arc to the waste acceptance linuts. Pre-campaign 2000-1 analysis concluded that three sample locations 
from tanks 107-AP and 108-AF' would be adequate for characterization prior to processing in the 242-A 
Evaporator. The results of the pre-campaign analysis for 107-AP waste is documented in the 107-AP 
Sampling Requirements in support ofEvaparator Campaign 2000-1, WMH-995492 1 (Le 1999a). The 
results of the pre-campaign analysis for 108-AP waste is documented in the 108-AP Sampling 
Requirements in sipport of Evaporator Campaign 2000-1, FH-0001082 (Le 2000a). 

3.2 SAMPLE POINT LOCATION SELECTION 

The subsurface sampling locations from available tank risers oftanks 107-AF' and 108-AP were selected to 
get an estimate of the tank spatial variability. At each subsurface sampling location, four sample bottles 
were drawn: one for volatile analysis, one for semi-volatile analysis, one for inorganic and radionuclide 
analyses, one for boildown and mixing study analyses. Additionally, one surface sample was collected 
from tank 107-AF' to evaluate the potential presence of separable organics. No surface sample was 
collected from tank 108-AP because a surface sample was collected previously in September 1999 during 
compatibility sampling. 

A review of tank risers (Anderson 1991) and field verification indicated three risers were available for 
sampling on each tank. Risers 001 and 003 from tanks 107-AP and 108-AP were randomly selected using 
the random number generator (Guthrie 1995). For 107-AP tank, riser 001 is located at 90" from due North 
and is 20 feet from the tank's center. Riser 003 is located at 330" and is 20 feet from the tank's center. 
These sampling risers are 34.6 feet from each other, which is greater than the DQO minimum distance of 
15 feet. For 108-AP tank, riser 001 is located at 30" from due North and is 20 feet from the tank's center. 
Riser 003 is located at 270' and is 20 feet from the tank's center. These sampling risers are also 34.6 feet 
from each other, which is greater than the DQO minimum distance of 15 feet. 
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Within the supernatant liquid level in tanks 107-AP and 1 0 8 - 0 ,  two subsurface sample elevations (above 
the tank bottom) in the first riser were randomly selected. One was at approximately the middle of the 
upper half of the tank and the other was at approximately the middle of the lower half. The third 
subsurface sample elevation in the second riser was selected randomly. The three saniple point locations 
are identified in Appendix B. 

3.3 SAMPLE COLLECTION 

Sampling of tank 107-AP was performed as directed by Sampling andAnalysis Planfor Tank 241-AP- 
107 Waste in Support ofEvaPorator Campaign, HNF-1689 (Nguyen 1999). Sampling oftank 108-Ap 
was performed as directed by Sampling andAnalysis Plan for  Tank 241-AP-108 Waste in Support of 
Evaporator Campaign, RPP-5954 (Rasmussen 2000). Thirteen supernate sample bottles from tank 107- 
AP were collected on August 30, 1999 an-d twelve supernate sample bottles from tank 108-AP were 
collected on March 1, 2000. Each sampling duration lasted only one day, which is within the ten day QA 
sampling requirement. Four field blanks and two trip blanks were also collected to provide an indication of 
contamination from sample collection, transport, preparation or extraction, and analysis. Sample 
identification for the tanks 107-AP and 108-AP samples is presented in Appendix B. 

4.0 SAMPLE CHARACTERIZATION AND DATA EVALUATION 

4.1 DATA CALCULATION 

Representative tank analyte concentrations are statistically determined and documented in Appendix C. 
The data for tank 107-AP was obtained from Tank 241-AP-107 Analytical Results for the Final Report 
HNF-1689 (Bell 20004 and for tank 108-AP was obtained from Tank 241-AP-108. Analytical Results for  
the Final Report HNF-1694 (Bell 2000b). For the purpose of waste modeling, safety and process control 
compliance, each tank's sample averages and processable volumes were used to determined feed composite 
concentrations, based on 970,000 gallons of 107-AP waste and 350,OO gallons of 108-AP waste. For 
comparing results to environmental ahd regulatory limits, the ninety-percent confidence interval of organic 
values and highest ammonia concentrations were used to represent tank concentrations. 

A 6-day pre-campaign training run will generate approximately 30,000 gallons of water into feed tank 102- 
AW. Since feed characterization samples were taken prior to the training run, the conservative assumption 
was made to ignore this minor water dilution from the calculations and comparisons to the limits, 

4.2 DATA QUALITY EVALUATION 

All analytical data results for 107-AP and 108-AP wastes were reviewed against Evaporator requirements 
of data precision and accuracy defined in the 242-A Evaporator Quality Project Plan, HNF-SD-WM- 
QAPP-009, Rev. 3 (QAPP, Bowman 1998). 

For tank 107-AP waste characterization data results, the precision and accuracy for all sample data, except 
for ammonia, fluoride, total alpha, technetium-99, 2-butoxyethanol, met the Evaporator QAPP acceptance 
criteria. For ammonia analysis, the QC failure was a precision of 26.3% for supernate sample 
7AP-00-3C. The QAPP acceptable upper limit for ammonia is 20%. The high value of precision for this 
sample was most likely due to the proximity of the results to the detection limit. Since the precision of all 
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other samples for ammonia analysis were within the QAPP acceptable range, the sample 7AP-00-3C was 
not reanalyzed. 

The accuracy for fluoride analysis of 107-AP samples was slightly above the QAPP acceptance criteria of 
75% - 125%. The matrix spike and matrix spike duplicate recoveries for fluoride were similarly high 
(128% and 129%, respectively) indicating that the high value of accuracy for this analysis was the results 
of a matrix effect. Fluoride concentration is used in the PREDICT computer model for preliminary 
determination whether or not the slurry is complex waste. The final determination is made using the pre- 
campaign boildown study. Since the boildown study of 107-AP waste indicated that the waste was non- 
complcx, the sample was not re-analyzed for fluoride. 

The precision for 107-AF' total alpha result of sample 7AP-00-2C was above the Evaporator QAPP 
acceptance criteria. However, the precision of sample 7AP-00-4C was within the acceptance criteria, 
Since the sample results for all samples were similar and were very close to the minimum detectable 
activity, the sample 7AP-00-2C was not reanalyzed. 

The precision and accuracy for technetium-99 by liquid scintillation method for 107-AF' samples were 
outside of the QAF'P acceptance criteria. The sample was not re-analyzed because there were 107-AP 
technetium-99 results using the mass spectrometry method. The results from mass spectrometry analysis 
met their QA requirements and gave excellent agreement between the two methods. 

The precision for 2-butoxethanol of sample 7AP-00-2B was 27%, which is slightly above the QAPP 
acceptance criteria of 25%. Poor precision was due to matrix interference. All continuing calibration 
check standards and system performance calibration check standards met their acceptance criteria of < 
30% and response factor > 0.5. Because no 2-butyxyethanol were detected in any samples, it was 
determined that renms were not necessq.  

For tank 108-AP waste characterization data results, the precision and accuracy for all sample data, except 
volatile organic (VOA) data, met the Evaporator QAPP acceptance criteria. The three VOA target 
compounds, acetone, I-butanol, and 2-butanone, had their accuracy results from 162% to 264%, which are 
above the QAPP acceptance upper limit of I 10%. The matrix spike and matrix spike duplicate results 
werc consistent for each VOA target compound, although all spike recoveries (accuracy results) were high 
The high recoveries indicated that the reported analyte concentrations were probably biased high, due to a 

matrix effect. Re-analyses of VOA werc not performed because it would use lower sample concentrations 
that my have improved the spike recoveries, but would result in much higher detection levels. 

4.3 SAMPLE BLANKS EVALUATION 

The field and trip blanks for tanks 107-AP and 108-AP were evaluated by comparing the Concentration of 
an analyte in the blanks to that in the actual samples. Contamination is indicated when the concentration of 
an analyte exceeds 20% of the lowest sample concentration for the analyte. 

Ammonia was identified as a contaminant in one ofthe two field blanks of 107-AP samples and in one of 
the two field blanks in the 108-AP samples. The ammonia concentration in field blank sample 7AP-00- 
IB2 was at 11 1 ppm and in field blank saniple 8AP-00-IB2 was at 54 ppni Since the field blanks are 
lonered into the vapor space of the tanks and opened, it is likely that they absorbed ammonia gas in the 
vapor space. The anunonia concentration in the field blanks is below the average concentration of supernate 
samples. For conservatism, the highest m*' ionia  concentration in either tank (1 82 ppm) will be used to 
represent tank concentrations when comparing with environmental and regulatoIy limits. No ammonia was 
detected in the analytical blanks. 
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Compound 2-butoxyethanol was detected in the 107-AP trip blank at an estimated concentration of 
490 ppb. However, 2-butoxyethanol was not detected in any ofthe 107-AP supernate samples and field 
blank, so there is no indication of contamination of the actual samples. 

For 108-AP samples, all three VOA target compounds, acetone, 1-butanol, and 2-butanone, were found in 
the field and trip blank samples. The 108-AP samples were not considered contaminated with 1-butanol 
because 1-butanol concentrations in the field and trip blanks were approximately 10 to 20 times less 
concentrated in the VOA samples. However, acetone and 2-butanone may be contaminant for 108-AP 
samples because their concentrations in the field and trip blank samples were similar to that in the VOA 
samples. For conservatism, the 90% confidence interval of VOA concentrations for 108-AP tank samples 
will be used to represent tank concentrations when comparing with environmental and regulatory limits. 

In addition, sample method blanks were verified against 107-AP and 108-AP sample analytes to determine 
if they are acceptable. No contamination was found in the laboratory, since all the method blank sample 
results were less than laboratory detection limits or less than 5% of the measured concentration present in 
the associated samples. 

4.4 SAMPLE HOLDING TIME EVALUATION 

For Volatile Organic Analysis (VOA), the SW-846 (EPA 1996) 14-day holding times for 107-AP and 
108-AP sample analyses were not met. The actual 107-AP holding time was from 132 to 134 days and 
108-AP holding time was 15 days. Three main reasons for missing the holding time for the 107-AP 
samples are given in the data package (Bell 20004: (1) an audit o f  the PNNL 325 laboratory to ensure 
compliance with the Hanford Analytical Services Quality Assurance Requirements document, (2) 
preparation and approval of the Statement of Work, and (3) additional preparation time at PNNL for 
handling highly radioactive samples. 

For semi-Volatile Organic Analysis (SVOA), the SW-846 14-day holding time for 107-AP sample 
extraction was not met and for 107-AP sample extraction was mct. The actual 107-AP sample extraction 
holding times were 163 to 167 days. The 107-AP sample extraction holding times were not met because 
matrix spike and laboratory control standards had to be created and QC parameters had to be defined in 
LABCORE. In addition, sample prioritization was such that resources for sample extraction were not 
immediately available. 

For Polychlorinated Biphenyl (PCB) analysis, the SW-846 14-day holding times for 107-AP sample 
extraction was not met and for 108-AP samplc extract was met. The actual 107-AP holding times were 20 
to 21 days. The holding times were not met because of sample prioritization was such that resources for 
sample extraction were not immediately available. 

Although the sample holding time requirements for 107-AP and 108-AP samples were not met, results of 
these samples were used in writing this document. Per 242-A Evaporator Quality Assurance Project Plan, 
HNF-SD-WM-QAPP-009 (Bowman 1998), adherence to the holding times in SW-846 is not strictly 
required if documented cases show that additional time was required to ship, process, and analyze 
radioactive samples. 
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4.5 TANK SAMPLE NUMBER REASSESSMENT 

As required by 242-A Evaporator Quality Assurance Project Plan, HNF-SD-WM-QMP-009 (Bowman 
1998), when final results ofthe sample analysis become available, a second statistical analysis must be 
performed using the new analyte data to verify if a sufficient number of samples was actually collected. 

The sufficient number of samples is statistically determined by the Decision Error Feasibility Trials 
(DEFT) computer model (EPA 1994). The DEFT computer model is designed to determine the minimum 
number of samples required obtain statistically defensible data. The DEFT computer model computes this 
minimum number of tank samples based on the mean concentration, sample variability, concentration 
Iimits, and confidence requirements of specific analytes of concern. 

Based on the power analyses of tanks 107-AP and 108-AP sample results, it is determined that the three 
samples that were collected met or exceeded the DQO minimum number of samples for each tank. The 
results of DEFT analyses for tanks 107-AP and 108-AP can be found in Appendix H. 

5.0 WASTE PROCESSABILITY EVALUATION 

5.1 PROCESS CONTROL EVALUATION 

5.1.1 Energetics 

Wastes that exhibit exothermic reactions below 168 "C are not permitted in Evaporator feed because when 
heated, these wastes may release energy through chemical reaction or by reducing their physical strain won 
Bargen 1998). Wastes that exhibit exotherms indicate the potential for self-heating and could enter into a 
propagating chemical reaction. Differential scanning calorimetry (DSC) test is used to evaluate the 
possibility of an uncontrolled reaction at the elelated temperatures iu the Evaporator vessel. All 107-AF' 
and 108-AF' supernate samples were analyzed by DSC. Heat absorbed by the sample from a net 
endothermic reaction or process, or heat given up by the sample from a net cxothermic reaction or process, 
was measured as a function oftemperature. DSC analysis indicated that there is no exotherm in 107-AF' 
and in 108-AF' waste below the Evaporator Operating Specificationlimit of 168°C. 

Wastes that exhibit energy releases from exotherms in excess of the energy absorption from endotherms are 
considered potentially hazardous to the 242-A Evaporator system. The net energy available for heating the 
waste from an exothermic chemical reaction is greatly diminished by endotherms. If the endotherms were 
greater, then a propagating reaction would be inhibited. All 107-AP and 108-AP samples were heated from 
approximately 25°C to 500°C. None of the sample exhibited any net exotherms. 

Evaporator slurry product is Iimited to a maximum total fuel concentration of 480 J/g (Tardiff 1998). 
Slurry product having exotherms exceeding 480 J/g could sustain propagating chemical reactions at 
elevated temperatures, at rednced moisture levels, or by the present of spark sources in slurry receiver tank. 
Based on thermal analysis results for tanks 107-AP and 108-AP samples, Evaporator slurry contains no 

fuel concentration. The DSC analysis results for waste tanks 107-AP and 108-AP can be found in 
Appendix C . 

J 
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5.1.2 Mixing and Compatibility Study 

A mixing and compatibility study was performed by mixing equal amounts of 107-AP sample composite 
with 108-AP sample composite to ensure waste compatibility and provide data to establish process 
controls. Processing of incompatible waste through 242-A Evaporator can create an uncontrolled reaction 
that could damage the Evaporator system structural integrity or threaten buman health or the environment. 
The resulting composite gave no indication of any reaction, evolving no gas nor heat generation, no 
precipitate nor color change (Becbtold 2000b). 

5.1.3 Corrosivity 

The Evaporator slurry product must be controlled to inhibit uniform corrosion, pitting corrosion and stress 
corrosion in slurry storage tanks prior to transferring to the Double-Shell Tanks (DSTs) (Mulkey 1999). 
The nitrate, nitrite and hydroxide concentrations are limited in order to reduce the deterioration rate of the 
primary carbon steel DSTs The slurry product concentrations to tanks 102-AW and 106-AW arc 
presented in Appendix D, Table D-2. 

The nitrate, nitrite and hydroxide concentrations in the slurry product that will be transferred to 106-AW 
were estimated at a maximum WVRF of 55% from the feed composite, using a conservative assumption 
that all constituents concentrate at the same ratio. The resulting slurry stream meets slurry receiver tank 
corrosion limits. 

The concentration of waste transferred to 102-AW at the end of the campaign was estimated based on a 
waste makeup of approximately 14,000 gallons of feed composite, 5,500 gallons of slurry product, and 
27,500 gallons of water flush. The resulting slurry stream also meets DST corrosion limits. Comparison 
of the projected slurry transferred to 102-AW and 106-AW to DST waste corrosion specifications can be 
found in Appendix E, Table F-15. 

5.1.4 Flammable Gas 

Waste density is limited to a weighted mean SpG of less than 1.4 1 to reduce the potential for hydrogen or 
flammable gas accumulation (Von Bargen 1998). Since the objective ofthis campaign is to achieve 
maximum WVR while controlling slurry at or below 1.41 SpG, the potential to create conditions for 
flammable gas accumulation in the slurry receiver tank will not be possible. 

The product of slurry SpG times tank solids depth is limited to 148 inches due to a strong correlation 
between SpG and flammable gas tanks (Mulkey 1999). The SpG of slurry in 102-AW and 106-AW tanks 
at the end of the campaign is estimated to be 1.1  1 and 1.41, respectively (Appendix D). With the average 
solids depth of 15.6 inches in tank 102-AW and 87 inches in 106-AW, the products of SpG and tank 
solids depth arc calculated to be 22 inches and 123 inches, respectively. These arc below the 148 inch 
limit. 
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5.1.5 High Phosphate Waste 

The feed waste can not be concentrated above 8 M sodium and 0.1 M phosphate concentrations in the 
slurry stream to prevent the formation of needle-shaped crystals of Na3P04* 12H20 (Fowler 1995). The 
crystals result into a non-pumpable slurry waste product due to its high viscosity and formation of a gel- 
like matrix. The sodium and phosphate concentrations in the sluny product is conservatively estimated 
from feed composite at 55% WVRF to be 7.97 M and 0.09 M, using the formula slurry concentration = 
feed concentratiod(1-WVRF). Although the estimated sodium and phosphate concentrations in the slurry 
arc near their limits, the pre-campaign boildown results for 107-AP and 108-AP wastes did not indicate 
formation of rapid viscosity increasing crystals. Therefore, it is believed that high viscosity, gel-like slurry 
will be not be produced due to phosphate content. 

5.1.6 Organic CompIexants 

Feed waste that contain organic complexants should not be concentrated beyond the nitratehitrite 
saturation level to reduce the potential for hydrogen or flammable gas accumulation. Because no analytical 
procedure is currently available to measure the complexants used on site, waste is classified as complexed 
ifthe total organic carbon (TOC) concentration exceeds 10 g/L if evaporated to the composition of double 
shell slurry (Fowler 1999). Double shell sluny is defined as the concentration where sodium aluminate in 
solution reaches saturation or when the eight molar caustic point reached. 

The PREDICT computer program was used to extrapolate the TOC for campaign feed composite to the 
double shell sluny concentration (Allison 1984). The PREDICT computer model was developed primarily 
to simulate the effect the evaporation process has on the solubility of aluminate, carbonate, nitrate, nitrite, 
phosphate, and sulfate. PREDICT uses the conservative assumption that all organic constituents remain in 
the slurry product during the evaporation process. The feed composite concentrations in Table D-1 of 
Appendix E were used in the PREDICT program. The feed composite waste met the screening criteria for 
complex waste. The slurry TOC concentrations at eight molar caustic limit is predicted to be 12.4 g/L. 
However, observations of the 107-AP and 108-AP waste boildown studies indicate rapidly forming and 
settling solids in a non-viscous liquid, evidencing the non-complex behavior of the campaign 2000-1 feed 
wastes. 

The solids in 102-AW and 106-AW are already designated as TRU since they contain greater than 
100 nCi/g oftransuranic elements. Mixing organic complexant liquid waste with TRU solid waste could 
solubilize precipitated TRU constituents. This increases the mobility of the TRU, creating risks during 
interim storage. Since the slurry product is not an organic complexants and contains small concentration of 
organics, mobilization of TRU elements from the solids is not a concern. 

5.1.7 Organic Reactions 

Slurry product that contains more than 4.5 wvt% TOC on a dry weight basis is required to have more than 
20% free water content because of a higher risk of propagating organic reactions (Mulkey 1999). Mixtures 
of organic material with nitrite and nitrate salts can deflagrate if free water is less than 20%. There is no 
credible organic reaction if waste contains sufficient liquid. 

It is estimated that the slurry product from this campaign contains 0.33 % TOC dry weight basis and 52% 
free water. Therefore, the condition, which could potentially lead to organic reaction, will not be created. 
The weight percent TOC and percent free water calculations can be found in Appendix G.! 
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5.1.8 Slurry Product Transfer 

Since the SpG of slurry product for this campaign is greater 1.35, an analysis of flow velocity for 
avoidance of solids deposition is required to prevent potential slurry transfer line plugging (Fowler 1999). 
The critical velocity of slurry transfer line was estimated to be 0.418 d s .  The critical velocity was derived 
by using equations obtained from the Critical Velociiy in Pipeline Flow of Slurries, AIChE Journal 
(Oroskar 1980). The critical velocity is defined, as the minimum slurry velocity required keeping solid 
particles suspended in slurry stream. Based on the gravity flow rate of 30 gpm, the slurry velocity is 
estimated to be approximately 0.934 d s ,  which is well above the critical velocity of 0.41 8 m/s. In 
addition, no solids precipitation in the slurry stream is anticipated during the campaign based on the pre- 
campaign boildown studies of 107-AP and 108-AP waste. Therefore, it is not anticipated that slurry 
gravity flow will create conditions for solids deposition or transfer line plugging. The Slurry Reynolds 
transfer number and slurry critical velocity calculations can be found in Appendix F, Section F.8. 

As a further precaution against transfer line plugging, sluny pump PB-2 will be operated whenever the 
slurry flow rate is suddenly reduced while transferring slurry to tank 106-AW by gravity flow. The slurry 
pump PB-2 is designed for high pressures so the slurry product can be transferred at high velocities to 
slurry tank if a potential transfer line-plugging problem by gravity flow exists. 

5.1.9 Transuranic (TRU) Waste 

Non-transuranic feed waste should not be concentrated beyond 100 nCi/g in the slurry product stream to 
prevent creation of additional TRU waste (Fowler 1999). Disposal cost of the TRU waste is much more 
expensive than non-TRU waste due to the requirement of additional waste pretreatment steps needed to 
prepare the wastes for final disposal. The predominate radionuclide activity of TRU wastes are from 
Plutonium-239 and Americium-241. 

The slurry product was estimated to have TRU concentration of 0.28 nCi/g. The campaign slurry product 
is categorized as non-TRU waste since it does do not meet the definition of TRU waste. The TRU 
calculations can be found in Appendix F, section F.6. 

5.1.10 Heat Generation 

To prevent internal boiling, feed waste can not be over-concentrated to produce a slurry product such that 
total heat generation in the slurry receiver tank is greater than 70,000 Btuihr. The predominant heat load is 
from Cesium-137 and Strontium-90. 

The combined heat generation of slurry product with existing sludge in tank 102-AW at the end of the 
campaign is estimated to be 3,970 B t u h  and slurry product with existing sludge in tank 106-AW 
campaign is estimated to be 10,000 Btuihr. These are well below the heat load limit of 70,000 Btuihr. The 
heat load calculations can be found in Appendix F, section F.7. 

, 
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5.1.11 Slurry Product Segregation 

Per Department of Energy directive, slurry product that does not meet waste segregation Envelope “A” 
screening criteria should not be transferred to an Envelope “A” waste receiver tank (Fowler 1999). 
Envelope “A” waste is defined as waste that contains less than 0.5 moles TOC per mole sodium, less than 
4.40E+07 Bq Sr-90 per mole sodium, and less than 4.80E+05 Bq TRU per mole sodium. 

Because both Evaporator slurry product (at 55% WVRF) and tank 106-AW heel meet the criteria of 
Envelope “A’, the campaign slurry product can be transferred to 106-AW tank for storage. The sluny 
product and 106-AW heel calculations for Envelope A waste can be found in Appendix F, section F. 11. 

5.1.12 Separable Organic Layers 

Separable organic phase can accumulate in condensate collection tank C-100 during Evaporator operations 
if separable organic in the feed is processed. Fire or explosion could potentially result from the 
accumulations if the temperature is above 165 degree F and there is an ignition source. 

In addition, the presence of an immiscible organic layer in the process condensate would cause operational 
difficulties if transferred to ETF. Therefore, controls are implemented to prevent separable organics from 
being introduced into Evaporator process. Detection of a surface organic layer restricts the operational 
minimum level in feed tank 102-AW to 100 inches to prevent the possible transfer of the organic layer to 
the Evaporator. 

A surface sample was taken from 107-AP tank to determine if a separable organic layer was present. 
Visual observations from the Laboratories indicated that the surface sample appeared homogeneous. The 
sample was clear with no observable solids and no observable organic phase. No surface sample was taken 
on 108-AP tank because the Evaporator DQO (Von Bargen 1998) allows the surface sampling to be 
waived if a previous surface sample was taken. A surface sample of 108-AP was taken in September 1999 
for the waste compatibility program. No separable organic layer was reported in The 241-AP-108, 
September I999 Compatibility Grab Sample, Analytical Resultsfor the Final Report, HNF-I 688. 

One of twelve subsurface samples from tank 108-AP (supernate sample SAP-00-1A) has a tiny speck of 
floating oil that appears to be motor oil. Since the supemate sample SAP-00-1A was collected at 
approximately middle of upper half of the tank liquid and none of other supernate samples contains any 
speck of oil, the sample SAP-00-1A was considered to be contaminated during sampling. There is no 
indication of an organic layer in the tank. The TOC analyhcal results for tanks 107-AP and 108-AP 
surface samples were 792 m g L  and 510 m a ,  respectively. These surface TOCs are well below the 2600 
mg/L defmition of a separable organic layer (Von Bargen 1998). Due to lack of a surface organic layer in 
samples, the minimum level in feed tank 102-AW will be set at 16 inches for th is campaign. 

5.1.13 LERF Fissile Material Control Limit 

The Liquid Effluent Retention Facility (LERF) is limited to no more than three percent of a minimum 
critical mass and no more than 15 g of Pu-239 (WMH 1999). The combined Pu-239 from three LERF 
basins and projected process condensate is estimated to be 8.93E-04 grams which is well below the 15 g 
Pu-239 limit. Calculations of fissile content in the LERF Basins and projected condensate can be found in 
Appendix F, Section F. 13. 

d 
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5.2 SAFETY EVALUATION 

5.2.1 Criticality Safety 

The Evaporator criticality prevention program limits the feed concentration to less than 0.005 g L  fissile 
material and pH greater than 8 to ensure the concentration of fissile material in Evaporator feed is 
insufficient to cause a criticality hazard wail 1998). Fissile isotopes of primary concern are Pu-239, 
U-233 and U-235. Of these, Pu-239 is the most significant contributor to the criticality potential. For 
criticality prevention, U-233 and U-235 are treated as Pu-239. Since U-233 and U-235 data was not 
available, they are estimated from the U-total analysis. For conservatism, the highest tank concentration 
was used to determine the fissile concentration. The fissile concentration for feed during the campaign is 
estimated to 2.94E-05gL with pH of greater than 13. This is within Evaporator criticality specifications. 

There are additional controls on fissile concentration in the slurry to ensure criticality safety in the DSTs. 
Ifthe s f u y  product has less than 0.001 gL fissile material, a criticality can not occur and no further 
evaluation IS necessary. Ifthe fissile material in slurry product is greater than 0.001 g L ,  then the effects of 
neutron absorbers must be shown to be sufficient to ensure adequate fissile poisoning. The fissile 
concentration in the slurry product is estimated to be 6.52E-05 glL, so poisoning effects need not be 
considered. 

The total fissile inventory for the campaign feed/slurry product is calculated to be 147 grams. Since the 
total fissile inventory is greater than 50 grams, the sum of subcritical mass fractions is required to be 
greater than 2 to ensure that the composition of the slurry stream in compliance with the boundaries of the 
evaluation established in criticality specification (Fowler 1999). The sum of subcritical mass fractions of 
the slurry product is estimated to be 182, which is much greater than the minimum sum of fractions 
requirement of 2. Feed fissile concentration, fissile inventory, and sum of slurry subcritical mass fractions 
calculations can be found in Appendix F, section F.5. 

5.2.2 

The 242-A Evaporator OSR Compliance Strategy for  Radiological Source Strengths, HNF-SD-WM- 
OCD-016 (Campbell 1997) describes the method to determine if the 242-A Evaporator will operate within 
its radiological source term (RST). The RST is defined in the 242-A Evaporator SAR (Campbell 1999). 
Prior to an Evaporator campaign, the Compliance Strategy document requires a comparison of the feed and 
projected slurry concentrations to the RST limits for nineteen radionuclides. 

The feed and slurry product values at 55% WVR were compared against each of the constituents in the 
Evaporator RST limits. Campaign feed radionuclide concentrations are below the Evaporator RST limits. 
Using the assumption that all constituents concentrate at the same ratio, the radionuclide concentrations in 
the slurry can be estimated by using the formula: slurry concentration = feed concentration / (I-WVRF). 
The calculated slurry radionuclide concentrations are below the Evaporator RST limits. For detected 
radionuclides, the predicted Cs-137 concentration in the slurry product is the most restrictive radionuclide, 
at 13% of its RST limit. For undetected radionuclides, whose detection level are used in the calculation, 
the Pu-238 concentration in the slurry product is the most restrictive radionuclide, at 20% of its RST limit. 
Other radionuclide concentrations are insignificant when compared to their respective RST limits. 

HNF-SD-WM-OCD-016 also requires the total dose consequence of radionuclide concentrations predicted 
in the slurly stream be below the SAR total inhaled dose consequence limit of 7,700 SvL.  The slurry 
product dose consequence is calculated to be 7 1 SvL, which is two orders of magnitude below the S A R  
limit. 

. ' 

Evaporator Radiological Source Term Dose Consequence 
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Isotopic plutonium analysis for Pu-241 cannot be performed at the 222-S Analytical Laboratories. HNF- 
SD-WM-OCD-016 contains formulas for calculating Pu-24lconcentration based on the Pu-239/240 
concentration. When the formulas are applied, the Pu-241 concentration in the slurry product was found to 
be less than one percent of its RST limit. 

For some constituents, analytical methods do not provide an accurate concentration because detection limits 
are elevated due to interference from other radionuclides. In these cases, the analytical result is reported 
with a "less than" sign. The "less than" result for Ra-226 was reported to be greater than four percent of its 
RST limit. HNF-SD-WM-OCD-016 contains a formula for calculating Ra-226 concentration which 
provides a more realistic value. When the formula was applied to the projected slurry product, the Ra-226 
value was calculated to be less than one percent of its RST limit. 

The feed and slurry product for this campaign will be within the 242-A Evaporator RST limits. The 
comparisons of campaign feed and slurry product radionuclide levels to source term limits and total 
allowable radionuclide dose consequences are contained in Tables E-6 to E-1 1 of Appendix E. 

5.2.3 LERF Radiological Limits 

The LERF radiological limits are governed by the 2 4 2 . 4  EwJlmator Effluent Refenfion Facility 
Auditable Safety Analysis, HNF-SD-LEF-ASA-002 (Le 1998). Prior to an Evaporator campaign, HNF- 
SD-LEF-ASA-002 requires a comparison of the process condensate to the LERF basin maximum bounding 
concentration screening limits for twenty-two radionuclide constituents. If a limit is exceeded, the total 
dose release consequences should be estimated and compared to pressurized spray and pool evaporation 
dose release limits in the Liquid Efluent Retention Facility Final Hazard Category Determination 
(Galioto 1997). The dose limits for spray release and pool evaporation release are 0.19 rem and 1.1 rem, 
respectively. 

Values for each of the constituents in the LERF radiological limit were entered into the process flowsheet 
for the 242-A Evaporator (Campbell 2000). The process flowsheet was developed to model the partition of 
constituents during the evaporation process. The process condensate concentrations obtained from the 
flowsheet, by entering composite feed concentrations and a 55% WVRF, were compared against the 
maximum bounding concentration (MBC) 

For all detected radionuclides, Se-79 was predicted to be'the most restrictive in the process condensate 
stream, at approximately 1% of its MBC limit. For all undetected radionuclides, whose detection levels are 
used in the' calculation, Ce-144 is the most restrictive radionuclide in the process condensate stream. Due 
to high detection level of Ce-144 analysis, the predicted Ce-144 concentration in the process condensate is 
slightly above its MBC when its detection level is entered into the flowsheet. However, the total spray 
release dose consequence and pool evaporation release dose consequence for process condensate are 
estimated to be 1.93E-02 rem and 8.86E-02 rem, which are below their respective dose release h i t s  of 
1.9E-0 1 rem and 1.1 rem. These dose consequence values were estimated per HNF-SD-WM-SAD-040 
document (Galioto 1997). Therefore, thc process condensate generated during Campaign 2000-1 meets 
LERF radiological control limits. 

d 
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Isotopic plutonium analysis for Pu-241 cannot be performed at the 222-S Analytical Laboratories. HNF- 
SD-WM-OCD-016 contains formulas for calculating Pu-241 concentration based on the Pu-239/240 
concentration. When the calculated Pu-241 concentration was entered into the process flowsheet, the 
concentration was found to be less than one percent of its MBC. For some constituents, the analyhcal 
methods do not provide an accurate concentration because detection limits are altered due to interference 
from other radionuclides. In these cases, the analytical result is reported with a "less than" sign. HNF-SD- 
WM-OCD-016 contains a formula for calculating Ra-226 concentration which provides a more realistic 
value. The calculated Ra-226 concentration was entered into the process flowsheet and was less than one 
percent of its MBC limit. 

The comparisons of projected process condensate radionuclide levels to LERF maximum bounding 
concentration limits, pressurized spray release limit, and pool evaporation release limit can be found in 
Appendix F, tables F-12 through F-14. 

5.2.4 Process Condensate Ammonia Limit 

Ammonia concentrations in the process condensate at the LERF must be maintained below 10,000 mglL 
(Campbell 1999) to assure toxicological exposure remains within the safety limits analyzed in 242-A SAR. 

A validated model for estimating ammonia release as a function of the feed concentration and other critical 
parameters (e.g., feed rate, operating pressures, temperatures, condenser efficiencies, etc.) does not exist. 
Based on sampling data from Evaporator campaign 94-2 and conservatively assuming that all of the 
ammonia in the feed is volatilized in the Evaporator, it was estimated that approximately 94 percent of the 
ammonia in the feed was transferred to LERF and the remaining 6 percent released through the vessel vent 
system (Campbell 1995). 

For conservatism, the highest ammonia concentration of 182 mglL from either waste tank 107-AP or 
108-AP was selected to estimate ammonium concentration in the process condensate which will be 
discharged to the LERF during campaign 2000-1. Given a nominal feed rate at 73 gpm, 55% WVRF, and 
an initial pot volume at 25,000 gallons, the highest possible ammonia concentration released to LERF 
during the campaign was cstimated to be 3 I1 m&, which is well below the limit of 10,000 mgL.  The 
calculation of ammonia level in the process condensate can be found in Appendix G. 

5.2.5 Shield Design Limits 

The Cs-137 concentrations in the feed stream and slurry product must be maintained below 0.8 C i n  to 
prevent potential radiation fields that exceed shielding design criteria which pose a hazard to workers in 
occupied areas of the 242-A Building (Campbell 1999). 

The Cs-137 concentration from the feed composite is listed in Table D-3 and compared against the 
Evaporator shielding design limit. The feed composite Cs-137 concentration is about 11% of the 
Evaporator shielding design limit. Using the assumption that all constituents concentrate at the same ratio, 
the Cs-137 concentration in the slurry can be estimated using the formula: slurry concentration = feed 
concentration / (1-WVFW). The Cs-137 concentration in sluny product is estimated to be approxiniately 
24% of the 0.8 Ci/L shielding dcsign limit. 

4 
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5.2.6 

The Tank Farm Waster Transfer Compatibility Program, HNF-SD-WM-OCD-015 (Fowler 1999) 
describes the method to determine if the 242-A Evaporator sluny product will be within the slurry receiver 
tank radiological source term (RST). The tank RST is defmed in the Tank Farms Operations 
Admifiistrntive controls, HNF-IP-1266, (Cox 1997). Prior to an evaporator campaign, the Transfer 
Compatibility program requires a comparison of the projected slurry coiicentrations to the tank RST limits 
for five critical radionuclides. Comparison is made to the Unit Liter Dose (ULD) values for inhalation and 
the ULD for ingestion, ground shine, and resuspension. 

The slurry product values at 55% WVR were compared against each of the constituents in the tank RST 
limits. Using the assumption that all constituents concentrate at the same ratio, the radionuclide 
concentrations in the slurry can be estimated by using the formula: slurry concentration = feed 
concentration / (1-WVRF). The calculated slurry radionuclide concentrations are well below the tank RST 
limits. The predicted Cs-137 concentration in the slurry product is the most restrictive radionuclide, at 12% 
of its tank RST limit. The comparisons of project slurry product to tank inhalation and ingestion- 
resuspension source term limits are contained in Tables E-I6 and E-17 of Appendix E. 

5.2.7 

The tank toxic Chemical Source Term (CST) Limits are governed by the Tank Farms Operations 
Administrative Confrols, HNF-IP-1266, (Cox 1997). Prior to an evaporator campaign, HNF-IP-1266 
Requires a comparison of the projected slurry concentrations to the tank CST limits for five toxic 
constituents. The slurry product values at 55% W R  were compared against each of the constituents in 
the tank CST limits. Using the assumptign that all constituents concentrate at the same ratio, the 
radionuclide concentrations in the slurry can be estimated by using the formula: slurry concentration = 
feed concentration / (I-WVRF). The calculated slurry radionuclide concentrations are below the tank CST 
limits. The predicted sodium concentration in the slurry product is the most restrictive constituent, at 95% 
of its tank CST limit. The comparison of project slurry product to tank toxic chemical source term limits is 
contained in Table E-18 of Appendix E. 

Slurry Receiver Tank Radiological Source Term Limits 

Slurry Receiver Tank Toxic Chemical Source Term Limits 

5.3 ENVIRONMENTAL COMPLIANCE EVALUATION 

5.3.1 

The regulatory requirements in WAC 173-303-690 and 40 CFR 264, Subpart AA limit 242-A Evaporator 
and ETF to 3.0 Ibshr or 6,200 Ibs organic emissions in 12 months. Individual constituent limits for 
acetone, I-butanol, 2-butoxyethanol, 2-butanoue, and tri-butyl phosphate in the feed tanks were 
implemented in the Evaporator DQO (Von Bargen 1998) to ensure the vessel vent does not exceed the 
volatile organic emission limit of 3.0 Ibshr. The feed tank limits are based upon maintaining the sum of 
the ratios of concentration-to-limit value at less than one. The comparisons of 107-AP and 108-AF’ 
organic concentrations to the Evaporator feed limits based on volatile eniissions are contained in Tables E- 
4 and E-5. The fced to product ratios (R) were assumed to be 2.33 for 107-AP waste and 2.0 for 108-AP 
waste, when comparing to the limits. 

None of the five target organic compounds were in detectable quantitics for all 107-AP samples. For 
conservatism, the organic compound concentrations were assumed to be at their laboratory detection levels 
for determining the sum of the ratios. The sum of the ratio of concentration-to-limit values for all five target 
organic compounds in 107-Ap waste was less than one. 

Vessel Vent Organic Discharge Limits 

J 
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Four ofthe five target organic compounds, acetone, 1-butanol, 2-butanone, and tri-butyl phosphate were in 
detectable quantities for 108-AP samples. 2-butoxyethanol was the only undetected compound. Acetone 
and 2-butanone compounds may be contaminant because they were found in the field and trip blank 
samples. For conservatism, the all organic sample results were used to determine the sum of the ratios. 
The sum of the ratio of concentration-to-limit for all five target organic compounds in 108-AP waste was 
less than one. 

The total organic emission for processing 970,000 gallons of 107-AP waste and 350,000 gallons of 
108-AP is estimated to be 470 lbs (Bowman 2000a). The total organic emissions for 242-A Evaporator 
and ETF in Calendar Year 1999 were estimated to be 400 Ibs (Bowman 2000b). Combining the organic 
emissions from processing during Campaign 2000-1 and from calendar 1999, the overall organic 
emissions will be about 870 lbs for the last 12 months. This is well below the limit of 6200 Ibs. 

"TC-TIC" is a screening method which is used to determine whether additional organic species are 
unaccounted for in the analysis. The "TC-TIC" represents the total organic carbon (TOC) in a tank. If it 
were conservatively assumed that all the TOC is volatile and exists as acetone, then the limit would be 99.4 
ppm for 107-AP waste and 87.2 ppm for 108-AP waste. Acetone was chosen because of its high volatility. 

The "TC-TIC" values for 107-AP waste and 108-AP waste were estimated to be 740 ppm and 1890 ppm, 
which exceeded the Evaporator DQO won Bargen 1998) screening limit of 99.4 ppm and 87.2 ppm, 
respectively. As required per the DQO, further technical evaluation was performed to determine if a 
particular volatile or semi-volatile organic analyte is not accounted for. 

None ofthe 107-AP samples showed the presence of the VOA and SVOA target compounds. In assessing 
the Gas Chromatography (GC) results, no tentatively identified compounds (TICS) were identified in the 
VOA analysis for 107-AP samples. Therefore, the amount of volatile organic contributing to organic 
emission is insignificant when processing 107-AP waste through the Evaporator. A number of tentatively 
identified compounds were reported with the SVOA procedure. The "TC-TIC" assessment (Bowman 
2000a) estimates emissions from thcse compounds. 

The 108-AP sample results showed the small prcsence of the organic target compounds because their 
concentrations were well below their respective organic emission limits. The total emission from these 
target organic compounds was estimated less than 4% of the emission limit. Several tentatively identified 
compounds were identified in the VOA analysis. These tentatively identified compounds were assumed to 
be contaminants because they were also found in the laboratory control standards and field blanks. A 
number of tentatively identified compounds were reported with the SVOA procedure. The "TC-TIC" 
assessment (Bowman 2000a) estimates emissions from these compounds. 

The maximum emission rate for processing 107-AP and 108-AP wastes is estimated to be 1.4 I b s h ,  which 
is less than the limit of 3.0 lbshr. The detail of "TC - TIC" assessment (Bowman 2000a) for tanks 107-AP 
and 108-AP can be found in Appendix I. 
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5.3.2 

The Washington State Department of Health (DOH) approved the downgrading of the 242-A vessel vent 
stack to a non-designated source (Codlin 1998). This allows periodic, confirmatory sampling instead of 
continuous sampling. The approval letter from DOH requires a sample within 90 days before the 
campaign start, a sample during the campaign, and a sample within 90 days after the campaign is 
completed. Analysis is for Cs-137, Sr-90, Pu-239, Pu-238, Am-241, and any other radionuclide which 
contributes more than 10% of the potential to emit. 

The total dose for radiological release out the vessel vent was estimated to be 1.55E-08 mendyear for this 
campaign. None of the radionuclides exceed ten percent ofthe total dose except Cs-137, which is about 
99.3% of the total dose. Therefore, no radionuclide analysis other than those given above is required. 
Vessel vent radiological release calculations can be found in Appendix F, section F.14. 

5.3.3 Gaseous Ammonia Discharge Limit 

It is recommended that gaseous ammonia discharges from the vessel vent exhaust stack be maintained 
below the CERCLA reportable quantity of 100 pounds in any 24 hour period (40CFR 302). A validated 
model for estimating ammonia release as a function of the feed concentration and other critical parameters 
(e& feed rate, operating pressures, temperatures, condenser efficiencies, etc.) does not exist. Based on 
sampling data from Evaporator C<ampaign 94-2 (which processed high ammonia concentration waste) and 
conservatively assuming that all of the ammonia in the feed is converted to ammonia gas in the Evaporator, 
it was estimated that approximately 6 percent of the ammonia in the feed was released to the vessel vent 
(Campbell 1995) 

For conservatism, the highest ammonia concentration of 182 ppm in tanks 107-AP and 108-AP was used to 
estimate the ammonia concentration which would be discharged out the stack during Campaign 2000-1, 
Given a nominal feed rate at 73 gpm, 55% WVRF, and an initial pot volume at 25 kgal, the highest 
possible ammonia concentration released to the vessel vent during the campaign was estimated to be 12 
lbs/day which is below the notification limit of 100 lbs/day. The calculation of ammonia discharged from 
the vessel vent stack can be found in Appendix F. Section F. 12. 

Vessel Vent Radionuclide Discharge Monitoring Requirements 

5.3.4 LERF Liner Limits 

The purpose of evaporator feed limits for L E U  liner acceptance is to ensure projected process condensate 
generation during the campaign will meet the LERF compatibility limits. These limits will prevent 
degradation of the LERF liners. The process condensate discharge limit is based upon maintaining the sum 
of the ratio of concentration-to-limit value at less than one. 

For 107-AP waste, none of the five target organic compounds were detected. When conservatively using 
their detection levels, 2-butoxyethanol and tri-butyl phosphate compounds are at 2% of their respective 
LERF liner limits. For conservatism, the highest ammonia concentration in the 107-AP samples was used 
to compare against the LERF liner ammonia limit. The ammonia concentration is three orders of 
magnitude below the limit The sum of the ratio of concentrations-to-limit values for target organic 
compounds in the 107-AP waste was less than four percent of the unity limit. The comparison of feed tank 
107-AP waste to LERF liner acceptance limits c m  be fouild in Table E-2. The feed-to-product ratio (R) 
was assumed to be 2.33 for this comparison. 
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For 108-AF’ waste, 2-butoxyethanol was the only one of the five target organic compounds that was 
undetected. For conservatism, the 2-butoxyethanol concentration in 108-AP waste was assumed to be at its 
detection level of 20,000 m a .  When comparing to the limit, the 2-butoxyethanol was at two percent of its 
L E W  liner limit. All four detected target organic compounds (acetone, 1-butanol, 2-butanone, and 
tri-butyl phosphate) are several orders of magnitude below their limits. The sum of the ratio of 
concentrations to limit values for target organic compounds in the 108-AP waste was less than three 
percent of the unity limit. The feed-to-product ratio (R) for tank 108-AP waste was assumed to be 2.0. For 
conservatism, the highest ammonia concentrations in 108-AP samples was used to compare against the 
LERF liner ammonia limit. The ammonia concentration is three orders of magnitude below its limit. 

The “TC-TIC” result of 740 mg/L for tank 107-AP and 1890 m d L  for tank 108-AP were above the LERF 
liner limit of 707 mg/L and 620 mg/L, respectively. The feed-to-product ratio’s (R) for 107-AP and 108- 
AP wastes were assumed to be 2.33 and 2.0 for determining these limits. It was determined that much of 
the organic detected in the “TC-TIC” results is due to the presence of non-volatile sodium oxalate Based 
on sample results, 107-AP and 108-AP wastes have average oxalate concentrations of 270 mg/L and 580 
mglL, respectively 

Processing of the 107-AP and 108-AP will not pose a threat to LERF liner integrity. The details of L E W  
liner integrity assessments with respect to “TC-TIC” results for 107-AP and 108-AP wastes (Bowman 
20004 are attached in Appendix I of this document. The comparison of 107-AP and 108-AF’ wastes to 
LERF liner acceptance limits can be found in Tables E-2 and E-3. 

5.3.5 Polychlorinated Biphenyls (PCB) limit 

The regulatory requirements in 40 CFR 76 1 limit waste concentrated in 242-A Evaporator to less than 
50 ppm PCB. If Evaporator slurry product contains more than 50 ppm PCB, it will be classified as TSCA 
regulated and could not be accepted into the slurry receiver tanks. If PCBs are detected in the candidate 
feed waste at any concentration, transferring slurry product must be approved by RPP. 

Because no PCBs were detected in any of the 107-AP and 108-AP tank samples and the standard 
recoveries were within the established quality control limits, PCBs are not a concern. 

5.3.6 

Evaporator slurry product transfers into the DST system must be pre-approved and must meet tank waste 
acceptance criteria (Mulkey 1999). A copy of waste profile for Evaporator Campaign 2000-1 can be 
found in Appendix I. 

Slurry Product Waste Profile for Campaign 2000-1 
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6.0 CAMPAIGN DESCRIPTION 

6.1 INVENTORIES 

Feed Tank 102-AW 

Feed Tank 102-AW currently contains mostly saltwell liquor from tank 107-AP. The saltwell liquor waste 
was originally from single-shell tanks in 200 West Tank Farms and has a high specific gravity. Tank 102- 
AW also received a small amount of contaminated rain water from the A-350 catch tank. 

As of March 29, 2000, the 102-AW liquid level is 368.5 inches, with 970,000 gallons of processable waste 
and 30,000 gallons of settling solids. The pre-campaign 2000-1 training run is scheduled to start about 
April 10,2000. Approximately 34,000 gallons of wastewater will be added to 102-AW tank during the 
six-day training. 

108-AP Candidate Feed Tank 

In order to increase valuable tank space in support of the cross-site transfer project, CHG has requested 
L W F  to process additional waste which is available in tank 108-AP. As with the waste in 107-AF' tank, 
the waste in 108-AP tank originated primarily from single-shell tanks in 200 West Tank Farms and has a 
high specific gravity. As of March 29, 2000, the 108-AF' liquid level is 137 inches, with approximately 
350,000 gallons of processable waste. When the desired liquid level in feed tank 102-AW is reached, 
approximately 350,000 gallons of 108-Al' waste will be transferred to 102-AW feed tank for processing 
through Evaporator Campaign 2000-1. The final 108-AF' tank liquid level after the campaign is estimated 
to he 10 inches. 

106-AW S l u m  Receiver Tank 

Tank 106-AW will continue to he used as the Evaporator slurry tank for this campaign. As of March 29, 
2000, the 106-AW liquid level is 97.5 inches, with sludge levels ranging from 70 to 113 inches with a low 
spot at the 300" position of the slurry distributor. Approximately 594,000 gallons of dilute double-shell 
slurry feed (DDSSF) waste will be transferred during the campaign. The final liquid level in tank 106-AW 
will he at approximately 3 14 inches at the end of the campaign. 

LERF Basins 

LERF Basin 42 will be used for storage of process condensate generated during Evaporator Campaign 
2000-1. As of March 29,2000, LERF basin volumes are approximately 2 million gallons, 5.1 million 
gallons, and 4.3 million gallons, for Basins 42, 43, and 44, respectively. With the ongoing groundwater 
transfer to ETF, Basin 43 volume was conservatively assumed to be 7.8 million gallons. Campaign 2000-1 
is expected to generate 870,000 gallons of process condensate, which would result in a total LERF Basin 
volume of approximately 15 million gallons. This is less than the overall 15.6 million gallons operating 
capacity limit, excluding 7.8 million gallons of contingency space. The final LERF Basin 42 volume at the 
campaign is expected to be 2.87 million gallons. 
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6.2 PROCESSING ACTIVITY DESCRIPTION 

6.2.1 Pre-Campaign Training Run 

The 242-A Evaporator Facility will perform a pre-campaign training run. The training run duration is 
anticipated to be approximately 6 days. The purpose of this training run is to verify equipment operability 
and provide training for Nuclear Chemical Operators acquiring the 242-A Evaporator certification. It is 
also to ensure all personnel have up-to-date qualifications for new system modifications and procedures 
prior to processing radioactive wastes from tanks 107-AP and 108-AP in upcoming 242-A Evaporator 
Campaign 2000-1. 

The training run startup will be similar to a normal campaign startup, with complete valve and electrical 
lineups, system status checks, and pre-start systems activation. The Evaporator vessel will be filled to the 
normal operating level of 23,500 - 25,000 gallons using raw water and recycled process condensate. After 
the Evaporator is filled and recirculation is stared, a vacuum will be established on the vessel to a pressure 
of approximately 60 TORR absolute. The Evaporator is heated by 10 psig steam supplied to reboiler. At 
the reduced pressure of 60 TORR, the water in the Evaporator will boil at approximately 105 OF. When 
boiloff is reached, the Evaporator will operate until the vessel in the vessel is reduced by approximately 
1,000 gallons. Steam to the reboiler will then be shutdown, followed by shutdown of other evaporator 
systems. Makeup raw water and/or condensate will then be added to the vessel, and the startup/shutdown 
cycle can be repeated as necessary for training, operational, and/or drill performance. 

To minimize the overall process waste generation during the trainiig run, the process condensate recycle 
system (PC recycle) will be in operation when levels in condensate tank (TK-C100) allow. Total waste 
generation to tanks 102-AW and 106-AW is estimated to be approximately 30,000 gallons. Excess liquid 
in TK-C 100 will be transferred to LERF Basin 42 when necessary. Organic air emissions from the 242-A 
training run are expected to be minimal due to insignificant amount of ammonia concentration in process 
condensate. 

6.2.2 Campaign Duration 

Processing time for Campaign 2000-1 is anticipated to be 19 days, including start-up and flushing at the 
end of the campaign. The campaign duration calculation can be found in Appendix F. 

6.2.3 Feed Activities 

Two airlift circulators (ALCs) are available in feed tank 102-AW. One ALC is 16 inches in diameter and 
the other is 24 inches in diameter. The 16-inch ALC is to be used when the liquid level in tank 102-AW is 
between 190 and 240 inches. The 24-inch ALC is to be used when the liquid level is greater than 240 
inches. The ALCs are used to blend the supernatant liquid in tank 102-AW to provide a uniform feed for 
the Evaporator. Since the 108-AP waste is heavier than 107-AP waste, it is recommended, but not 
required, that the ALCs in tank 102-AW should be continuously operated throughout the campaign to 
ensure good mixing in the feed tank. Operation of the ALCs may occasionally give incorrect 102-AW tank 
liquid level, potentially causing tank farm material balance discrepancy. The ALCs will be shut down at 
the completion of the campaign. 
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6.2.4 Campaign Operating Strategy 

The objective of this campaign is to maximize waste volume reduction by concentrating 107-AP and 108- 
AP with an overall WVRF of 53% or an average slurry product SpG of 1.41 in one single pass. Fiscal 
Year 2000 Performance Incentive DE-AC06-RL13200 requires Waste Management Project to complete at 
least 85% ofthe target overall WVRF of 53% for 242-A Evaporator Campaign 2000-1. The performance 
agreement will be met if final WVRF of 45% is achieved at the end of the campaign 

Throughout the campaign, feed rates are expected to be 70 gpm - 73 gpm and boil-off rates are expected to 
be 40 gpm - 45 gpm. The low boil-off rates are based on the steam supply from the JCI reboiler last 
campaign. Batch slurry transfers may be required to achieve the target WVRF of 53% if slurry pump 
PB-2 is required operating during the campaign. To achieve maximum possible WVR, when slurry reaches 
1.41 SpG, the slurry will be gravity flowed to 106-AW while maintaining SpG in the Evaporator vessel 
between 1.39 - 1.40. Due to high slurry SpG and potential transfer line plugging, the slurry pump PB-2 
will be operated whenever the slurry flow rate is suddenly reduced while transferring slurry to tank 106- 
AW by gravity flow. The slurry pump PB-2 is designed for high pressures so the slurry product can be 
transferred at high velocities to slurry tank if a potential transfer line-plugging problem by gravity flow 
exists. 

In order to prevent the potential to create conditions for flammable gas accumulation in the slurry receiver 
tank, slurry samples will be taken as the campaign progresses to ensure the average slurry product will not 
exceed the 1.4 1 SpG limit. The laboratory SpG results will be also compared to the Evaporator density 
indicators (DI-CAI-1 and DI-CAI-2). Subsequent process adjustments will be made as necessary to 
maximize WVR. 

Due to the limited volume available in the feed tank, the first portion of the campaign will process waste 
initially in tank 102-AW. When sufficient room has been made available in tank 102-AW, a linked run 
will be employed for the remainder of the campaign. The linked run will consist of 350,000 gallons of 
supernatant liquid in tank 108-AP being transferred to tank 102-AW while simultaneously transferring feed 
from tank 102-AW to the Evaporator. 

The pre-campaign laboratory boildown studies indicate slight foaming when processing 107-AP waste and 
moderate foaming when processing 108-AP waste at the beginning of boildown. A small quantity of 
antifoam chemicals will be added to the vessel during processsing 107-AP waste. When processing 108-AP 
waste, the anti-foam chemicals addition flow rate will be increased. To optimize the use of antifoam 
chemicals, a stepwise reduction of the addition of antifoam chemicals into the 242-A Evaporator will be 
implemented when the Evaporator process reaches steady state. 

Because approximate 12 Ibs of the ammonia gas per day will be released during this campaign, the vessel 
vent monitor will be operated throughout the campaign to quantify the release. 

No tank 106-AW to tank 102-AW recycle transfer is required for this campaign. When the feed tank is 
pumped down to approximately 16 inches, the Evaporator will be shutdown for final Evaporator flushing. 
At the completion ofthe campaign, the final levels in tanks 102-AW, I06-AW, and 108-AI’ will be 
approximately 28 inches, 3 14 inches, and 10 inches, respectively. LEFW Basin 42 will receive the process 
condensate from this campaign. All process control and sampling instructions will be specified by process 
memo. 
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6.2.5 Normal Evaporator Operation 

Throughout the campaign, the process condensate recycle system and vessel vent ammonia monitor system 
should be operating. The ion exchange column shall remain off-line. Steam condensate and coolmg water 
will be discharged directly to Treated Effluent Disposal Facilities (TEDF). 
To monitor for a potential organic layer in tank C-100, the tank liquid level shall be maintained at 
approximately 50% weight factor during normal Evaporator operation and tank C-100 agitator shall not be 
used. Overflowing Tank C-100 must be performed prior to the completion of the campaign to remove any 
organic or foam that may collect in the tank during the campaign. 

6.2.6 Tank Farm Material Balance 

The tank farm material balance will be performed when operating the 242-A Evaporator to detect potential 
misroute or leakage. The tank farm material balance can be calculated manually or automatically. The 
calculation is required just before the feed transfer starts, thirty minutes after the feed transfer has started, 
one hour after the feed transfer has started, and every two hours after the feed transfer has started until the 
final transfer is completed. The tank farm material balance will also include the transfer of tank 108-AP to 
102-AW while processing. The tank farm material balance should be also performed when dumping the 
Evaporator vessel to 102-AW during final Evaporator flush and when jetting the pump room sump during 
the triple rinse. 

6.2.7 Evaporator Vessel Flushing 

At the end of the campaign, the Evaporator vessel, recirculation line, feed line, dump line and slurry line 
will be flushed. The final flush is required to reduce potential scale and residue buildup on pipe and vessel 
walls and to decrease radioactive dose rate in the pump room and evaporator room for future maintenance 
entries. Specific process memo will be issued to provide instructions for vessel flushing. 
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6.2.8 Post-campaign Sludge Measurements 

Sludge level measurements in tanks 102-AW and 106-AW should : obtained after the completion of the 
campaign to provide necessary information for future Evaporator campaigns. River Protection Project 
operations will be requested to perform sludge level measurements after the completion of the campaign. 

6.2.9 Post Run Documentation 

A post-run report will summarize the events and outcome of the 242-A Evaporator Campaign 2000-1. 
This report will focus on the operating performance, process control, safety, and environmental compliance 
assessment after completion of the campaign. 

6.3 SAMPLING AND MONITORING REQUIREMENTS 

6.3.1 

The 242-A Building ventilation exhaust stack, 296-A-2 1, contains a typical Hanford stack monitoring 
system. One portion of the exhaust is diverted to a record sampler where radioactive particulates are 
collected on filter paper. The record sampler filter paper is replaced biweekly and one sample per quarter 
is analyzed. The remaining portion of this stream is split between an alpha continuous air monitor (CAM) 
and a beta-gamma CAM. 

6.3.2 

The vessel vent exhaust stack 296-A-22 has a monitoring system similar in design to that of 242-A 
Building stack. CAMS monitor total alpha and betdgamma particulates discharged out the vessel vent 
stack. If total alpha exceeds 20 cpm, the cause will be investigated and the process is shutdown if 
necessary. If total betdgamma exceeds 2000 cpm, high alarm will annunciate and an interlock will 
shutdown the vessel vent and the Evaporator process. 

As required per State of Washington, Department of Health, the vessel vent filter is collected at least once 
during Campaign 2000-1 and analyzed for total alpha, total beta, (3-137, Sr-90, Pu-238, Pu-239, and Am- 
241. Because the 1-129 is less than 10% ofthe potential emission, the silver zeolite sampler is not required 
to operate during the campaign. 

The vessel vent stack also has an infrared gas analyzer to continuously monitor ammonia levels in the 
exhaust. Because of the significant amount of ammonia in the feed, the vessel vent ammonia monitor (AM- 
"3-1) will be operating through the campaign to quantify amount of release. The highest possible 
ammonia concentration released from the vessel vent during the campaign was estimated to be 12 Ibs/day. 

Building Stack Sampling and Monitoring 

Vessel Vent Stack Sampling and Monitoring 

No organic vapor sampling will be collected because engineering calculations show that organic emissions 
are below the regulatory limits. The organic emission calculations can be found in Appendix I (Bowman 
20004. 
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6.3.3 

Steam condensate from the Evaporator reboiler will discharge directly to the 200 Area TEDF. The steam 
condensate stream flows past an in-line radiation monitor, U S - E A I - 1 ,  on the inlet to the C-103 weir. A 
portion of the steam condensate in the C-103 weir is routed through the RC-1 radiation monitoring cell. 
Upon detection of high radiation in the steam condensate from the radiation monitors, an interlock will shut 
down steam to the Evaporator process and divert the steam condensate stream to tank 102-AW. This 
ensures discharge limits are not exceeded. 

In addition, instruments have been installed on the steam condensate stream to monitor pH and 
conductivity. The pH low and high alarm points are set at 5.5 and 8.5, respectively. The conductivity is 
monitored for information only. Contamination in the stream is detected if the pH and conductivity values 
continue to increase. 

To comply with TEDF discharge reporting requirements listed in the 200 Area Treated E f j e n t  Disposal 
Facility Interface Control Doctimen/ (ICD), HNF-SD-W049H-ICD-001 (Crane 1998), special protocol 
steam condensate samples will be collected one time during the Evaporator campaign. The samples will be 
sent to WSCF Laboratories for environmental analyses. Sample collection times will be specified by 
process memo. No process control steam condensate samples are required prior to discharging to TEDF. 

6.3.4 

Cooling water from the primary and after condensers will discharge directly to the 200 Area TEDF. A 
portion of the used raw water stream is routed through the RC-2 radiation monitoring cell. The cooling 
water monitoring system has no diversion capabilities when high level of radiation is detected in the stream. 
If high radiation conditions persist after flushing, the plant is shutdown and verification samples are 
collected to determine actual radionuclide levels in the cooling water. 

In addition, instruments have been installed on the cooling water stream to monitor pH and conductivity. 
The pH low and high alarm points are set at 6.5 and 9.0, respectively. The conductivity is monitored for 
information only. Contamination of the stream is detected if the pH and conductivity values continue to 
increase. 

Steam Condensate Sampling and Monitoring 

Cooling Water Sampling and Monitoring 

To comply with TEDF discharge reporting requirements listed in the TEDF ICD (Crane 1998), special 
protocol cooling water samples will be collected one time using the proportional sampler during the 
Evaporator campaign. The samples will be sent to WSCF Laboratories for environmental analyses. 
Sample collection times will be specified by process memo. No process control cooling water samples will 
be collected. 

6.3.5 

Process condensate (PC) generated during the campaign will be transferred to LERF Basin 42 from tank C- 
100. The process condensate stream flows past an in-line radiation monitor MAS-CAI-1 on the inlet to the 
C-100 tank. Upon detection of high radiation from the in-line radiation monitor, an interlock will shut off 
feed to the Evaporator process, shut down ;team to the Evaporator process, and terminate PC flow to 
LERF. A portion of the PC stream is also routed through the RC-3 radiation monitoring cell. On detection 
of high radiation from the RC-3 radiation monitor, interlock will divert PC flow back to tank C-100. This 
will prevent exceeding the LERF source term limits. 

Process Condensate Sampling and Monitoring 
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To reduce the number of samples required for characterization, process condensate sampling will be 
performed at the 242-A Evaporator rather than LERF Basin 42. Three special protocol PC samples will be 
taken during this campaign as specified in the 2.124 Evaporafor Waste Analysis Plan (WAP), HNF-SD- 
WM-EV-060 (Bowman 1997). The WAP requires N+l saniples, where N is the number of candidate feed 
tanks to be processed. The first two PC samples will be taken in the first portion of the campaign, when 
processing 107-AI' waste. The remaining PC sample will be taken at the end of the campaign, when 
processing 108-AP waste. All protocol samples will be sent to WSCF for analyses. No process control 
samples will be taken during the campaign. Sample collection times will be specified by process memo. 

6.3.6 Evaporator Feed Sampling 

Two samples will be taken from the feed sampler SAMP-F-1 and analyzed for SpG, selected inorganics, 
and major radionuclides. The sample analyses d l  be used for evaluate the feed composition throughout 
the campaign. Feed samples will be taken at the same day that process condensate saniplcs to validate the 
process flowshcct model. Sample collection times will be specified by process memo. 

6.3.7 Evaporator Slurry Sampling 

Slurry samples will be taken from the slurry sampler SAMP-F-2. A slurry sample will be taken as soon as 
the vessel SpG reaches 1.41. Efforts should be made to ensure representative slurry is routed to the 
sampler. The lab SpG result will be used to compare with Evaporator density indicators. Process 
adjustments will be pcrfomcd to control slurry SpG in order to obtain campaign WVRF objective. 
Additional slurry samples may be needed to achieve maximum possible WVR. 

Final slurry samples will be collected near the end of campaign The sample analyses will primarily be 
used to characterize campaign slurry product and verify compliance with the process control and safety 
limits. Slurry sample collection times will be specified by process memo. 

6.4 QUALITY ASSURANCE 

Operating records generated during Campaign 2000-1 will be maintained per the Hanford Site Quality 
Assurance Records Standards, HNF-PRO-222. Process control sampling and analysis will be performed in 
accordance with FSS-T-630-00001 Rev D-l,242-A Evaporator Sample Schedule For Campaign 2000-1. 
Following the completion of Campaign 2000-1, a Process Evaluation Report (Post Run Document) will be 
issued summarizing the significant aspects of the campaign, and an evaluation of the process results, per 
requirements in M - 3 3 1 ,  Section 3.2, Process Control Plans. 

6.5 PRODUCTNASTE DISPOSITION 

The slurry product from Campaign 2000-1 will be transferred to tank 106-AW. Tank 106-AW is expected 
to contain approximately 594,000 gallon of slurry at the completion of the campaign. Process condensate 
generated from the campaign shall be transferred to LERF Basin 42 for interim storage. Approximately 
869,000 gallons of process condensate will be generated. Steam condensate and cooling water generation 
were estimated to be 1.8 million gallons and 71 million gallons, respectively. Steam condensate and 
cooling water will be discharged to TEDF. 
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APPENDIX A 

INDEX OF TECHNICAL OPERATING CONTROLS 
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INDEX OF TECHNICAL. OPERATING CONTROLS 

CPS-T-149-000010, Revision 1-0, Criticality Prevention Specijcation for Waste Sforage Tanks and 
Associated Equipmement. 

HNF-SD-LEF-ASA-002, Revision 1, 242-AL Liquid Efluent Refention Facility Audible Safety Analysis 

HNF-SD-WM-DQO-001, Revision C-3, Data Qualify Objectivesfor Tank Farms Wasfe Compatibility Program. 

HNF-SD-WM-DQO-014, Revision 2,242-A Evaporator Data Qualify Objectives. 

INTERNAL MEMO # 76420-91-029, August 28, 1991, “Plugging PofentiaZof242-A Slurry Out Lines’ 

OSD-T-15 1-00012, Revision G-1, Operating Specifications for the 242-A Evaporator 

WHC-SD-WM-OCD-015, Revision 2, Tank Farm Wasfe Compafibility Program. 

HNF-SD-WM-OCD-016, Revision 1,242-A Evaporator OSR Compliance Strategy For Radiological Source 
Strengths. 

HNF-SD-WM-SAR-023, Revision 3-C, 242-A Evaporator Final Saf ty  Analysis Reporf 
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APPENDIX B 

SAMPLE IDENTIFICATION, SAMPLING DATE AND ANALYSIS REQUIREMENTS 
FOR TANKS 107-AP AND 108-AP 



HNF-5997 Revision 0 

This page intentionally left blank 

8-2 



HNF-5997 Revision 0 

Table E-1: Tank 107-AP Sampling Information 

Note: Sample elevation is defined as the distance from tank bottom 
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Table B-1: Tank 108-AP Sampling Information 

Note: Sample elevation is defined as the distance from tank bottom 
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APPENDIX C 

TANKS 107-AP AND 108-AP ANALYTICAL RESULTS 
AND DATA QUALITY EVALUATION 

Tables C - I  through C-104 contain the analytical data used in the preparation of this process 
control plan. The validated data package for tank 107-AP waste characterization is 
obtained from the tank 241-AP-107 Analysis For The Final Report, HNF-1689, Rev. 0. 
The validated data package for lank 1084P waste characterization is obtained from the tank 
241-AP-108 Analysis For The Final Report, HNF-1694, Rev.0. 
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7AP-00-3C I 7.80€+01 I nla I nla I nla 
7AP-00-4C 1 7.31E+01 n/a n/a nla 

- 
mos.tly due to the proximiiy of the results to the detection limit. Since the precision values for 
other samples are in acceptable range and samples results are well below the operation limit, 
the sample was not re-analyzed. 
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ical Data: DSC Exothen 

The accuracy was outside of the DQO acceptance criteria of 75% - 125%. This data is used in 
the PREDICT computer model for preliminary complexed waste determination. However, the 
boildown indicated that the waste was non-complexed. The fact that the matrix spike recoveries 
were so similar indicated that the.high recoveries were the result of a matrix effect. Therefore, 
the sample rerun was not necessary. 

Table C-8: Tank 

c-4 



HNF-5997 Revision 0 

c-5 



HNF-5997 Revision 0 

C-6 



HNF-5997 Revision 0 

Sample I. D Data Result Duplicate Result Precision 
(uglml) (ug/ml) RPD 

Accuracy Average 
% Rec. (ug/mI) 

., ., -- . . , --- . -- . .. - . - ..- . , --- -- 
Note: No visible separation phase or separable organic layer was observed. 

Sample I. D Data Result Duplicate Result 
(uglml) (uglml) 

7AP-00-2C 7.94E+00 I 9.34E+00 

Precision Accuracy Average 
RPD % Rec. (uglml) 
16.2 nla 8.96E+00 

7AP-00-3C 
7AP-00-4C 
7AP-OO-IBl 
7AP-OO-IB2 

c-7 

9.1 9E+00 nla 0.67 89.4 
9.35E+00 nla nla nla 
< 2.1 5E-02 nla nla nla 
2.71E-02 nla nla nla 
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re-analyzed because the results were very closed to the minimum detectable activity 
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Table C-41: Tank 241-AP-IO7 Analytical Data: Radium-226 

c-12 
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7AP-00-4C 
7AP-00461 
7AP.nhlR3 

4.05E-02 4.45E-02 9.41 I nla 
<3.32E-06 nla I nla nla 
<R 39F.n.R nla nlrr I nlrr 

Sample I. D Data Result 
(uCilml) 

Duplicate Result Precision Accuracy Average 
(uCi/ml) RPD % Rec. (uCi/ml) 

spike dumplicate recoverywas 84.2, within the DQO acceptance range 75% - 125%. Since the 
results for all samples were similar, a spike was not added to another sample. 

~~~ ~~ ~~ ~ ~~ ~~ 

7AP-00-z" )  ~~ 5.33E-02 ~ n/a 56.3 150.1 5.21E-02 
7AP-00-3C 5.27E-02 nla nla nla 
7AP-00-4C 5.03E-02 nla n/a nla 
7AP-00-IB1 c8.69E-06 nla nla n/a 
7AP-00-IB2 <8.70E-06 nla nla nla 
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(1) The precision for 2-Butoxyethanol was above the 25% Evaporator QA requirement. 
Poor precision was due to maxtrix intererences and poor extractor performance. All continuing 
calibration check standards and system performance calibration check standards met their 
respective acceptance criteria of ~ 3 0 %  difference and response factor > 0.5. Because no 
2-butoxyethanol were detected in any samples, reruns were not necessary on a technical basis 

c-I 4 
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ta: Chromium 

DSC Exotherm 

Table CS8: Tank 241-AP-IO8 
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Sample 1. D Data Result 
(uglml) 

Table C-59: Tank 241-AP-108 Analvtical Data: Iran 
Duplicate Result Precision Accuracy Average 

(uglml) RPD % Rec. (uglml) 
-. .. - - . - 
8AP-00-2C 
8AP-00-3C 
8AP-00-IS1 
8AP-OO-IB2 

. . - . - - . , . . . . - - . . .. - . .. - . . - . - - . 
C l  .01 E+01 Cl.01 E+01 nla nla 
< I  .01 E+01 ~1.01E+01 nla 102 
<I.OlE+OI < I  .01€+01 nla nla 
C5.00E-02 c5.00E-02 nla n/a 
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Note: No visible separation phase or separable organic layer was observed (HNF-1688 Rev. 0). 

Table C-73: Tank 241-AP-IO8 Analytical Data: Total Carbon 
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Sample I. D 

8AP-00-1C 

. .. - . .. I 
8AP-00-162 I <1.00E-02 I <I .00E-02 nla I nla 

Data Result Duplicate Result Precision Accuracy Average 
(ucilml) (uCi/ml) RPD % Rec. (ucilml) 

<2.82E-04 I <2.55E-4 n/a I n/a <2.62E-04 
8AP-00-2C 
EAP-00-3C 
8AP-00-161 
8AP-00-162 

~ 

c2.65E-04 nla nla nla 
<2.47E-04 nla n/a nla 
<2.66E-04 nla nla n/a 
<I .28E-05 n/a nla nla 

c-21 



HNF-5997 Revision 0 

c-22 



HNF-5997 Revision 0 

C-23 



HNF-5997 Revision 0 

nla 

Table C-89: Tank 241-AP-108 A 

nla nla 8AP-00-IB1 I <1.80E-03 I 
~~p .nn .1~7  I <?d7F.n? I 

Average 
(uCilml) 

< 3.86E-03 
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Sample 1. D Data Result Duplicate Result Precision Accuracy Average 
(uCilml) (uCi/ml) RPD % Rec. (uCi/ml) 

1 c  I 9.36E-04 I nla I nla 

C-26 

nla I 9.71- 
8AP-00-2C I 9.66E-04 I nla 
8AP-00-3C I 1.01 E-03 nla 
8AP-OO-IBl I c2.69e-05 I nla 

~~~~ ~ ~~~ 

nla nla 

nla nla 
nla I 97.94 

82  I c2.71e-05 I nla I nla nla 1 
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Sample I .  D Data Result 
(UglL) 

Duplicate Result Precision Accuracy Average 
(uglL) RPD % Rec. (UglL) 

-. .. - - . - 
8AP-00-2B 
8AP-00-3B 

8AP-00-OB2 
8AP-00-TB2 

"'Upper 90% confidence interval is determined by using formula: 
9O%C.I = mean + 2.920 * standard deviation lsqrt (3) 

. . . . - . . . .. - . .. - . .. - . . - - - - - 
<4.00E+03 nla nla 80 
<4.00E+03 nla nla nla 
<4.00E+03 nla nla nla 
<4.00E+03 nla nla nla 

("Upper 90% confidence interval is determined by using formula 
9O%C I = mean + 2 920 standard deviation lsqrt (3) 

(')The accuracy for acetone was above the 110% Evaporator QA requirement. The high value indicated 
that the reported concentration was probably biased high due to a matrix effect. Instrument 
calibration curves were generated using "clean" aqueous samples. Re-analyses were not performed 
because it would use lower sample concentrations to improved the spike recoveries, but it would 
increase the quantitation limits much higher. 

"'Upper 90% confidence interval is determined by using formula: 
9O%C.I = mean + 2.920 standard deviation lsqrt (3) 

(')The accuracy for acetone was above the 110% Evaporator QA requirement. The high value indicated 
that the reported concentration was probably biased high due to a matrix effect. Instrument 
calibration curves were generated using "clean" aqueous samples. Re-analyses were not performed 
because it would use lower sample concentrations to improved the spike recoveries, but it would 
increase the quantitation limits much higher. 

C-27 
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SAP-00-2A"' 
8AP-00-3A 

SAP-00-061 
SAP-00-TB1 

5.26E+02 I na I na I na 
2 83E+02 na na na 

7.50E+01 na na 162.5 
1.03E+02 na na na 
9.43E+01 na na na 
2.75E+01 na na na 

9O%C.I = mean + 2.920 "standard deviation lsqrt (3) 

indicated hat the reported concentration was probably biased high due to a matrix effect. Instrument 
calibration curves were generated using "clean" aqueous samples. Re-analyses were not performed 
because it would use lower sample concentrations to improved the spike recoveries, but it would 
increase the quantitation limits much higher. 

"'The accuracy for 1-butanol was above the 110% Evaporator QA requirement. The high value 

"'Upper 90% confidence interval is determined by using formula: 

(')The accuracy for 2-butanone was above the 110% Evaporator QA requirement. The high value 
9O%C.I = mean + 2.920 *standard deviation lsqrt (3) 

indicated that the reported concentration was probably biased high due to a matrix effect. Instrument 
calibration curves were generated using "clean" aqueous samples. Re-analyses were not performed 
because it would use lower sample concentrations to improved the spike recoveries, but it would 
increase the quantitation limits much higher. 

. . .. . . . - . . . - - . . . ._ 
SAP-00-26 < 4.00E+01 na na 88 
8AP-00-36 < 4.00E+01 na na na 

SAP-00-OB2 < 4.00E+01 na na na 
RAP-Ml-TR? < d nnF+nl na na na 
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APPENDIX D 

CAMPAIGN 2000-1 FEED AND PROJECTED SLURRY PRODUCT DATA 
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Fe V U  
Mn W )  
Ni (gll) 
Cr W )  
SPG 

Table D-1: Tank Inorganic Concentration and Feed Composite 

1.01E-02 1.01 E-02 1.01 E-02 
2.01E-03 2.01 E-03 2.01E-03 
4.02E-03 4.02E-03 4.02E-03 
6.54E-01 8.21E-01 6.98E-01 

1.2 1.25 1.21 
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Table D-2: Projected Slurry Product Inorganic Composition 

('I Feed composite from Appendix D, table D-I.  
Tank 102-AW projected final mixture (liquid) concentration based upon the the assumption that 
the remaining heel will consist of a 27,500 gallons water flush, 14,000 feed, and 5500 gallons 
of Campaign 2000-1 slurry. 

Using assumption that maximum WVRF of 57% for 107-AP waste and of 50% for 108-AP waste, 
the slurry values are conservatively calculated at combined maximum WVRF of 55% by using 
the formula: slurry = feedl(1-WVRF) 

(4) Based on the boildown results 

D-4 
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Table D-3: Tank Radionuclide and Feed Composition 

Ce-144, Eu-154, Eu-155, Np-237, Pu238, Am-241, and Cm-244 were undetected in all samples. 
For conservatism, the concentration is assumed to be at the detection level. 

(*I 108-AP tank concentration are from Appendix C. Co-60, Nb-94. Ru-106, 1-129, Cs-134, 
Ce-144, Eu-154, Eu-155, Np-237. Pu-238, Pu-239, Am-241, and Cm-244 were undetected in all 
samples. For conservatism, the concentration is assumed to be at the detection level. 
Feed composition consists of 970,000 gallons of 107-AP waste and 350,000 gallons of 108-AP. 

(4) Due to the difficulties associated with its analysis, Y-90 was conservatively assumed to have the 
same concentration as Sr-90 

('I Due to its relatively high detection limit, the Ra-226 concentration is calculated using the formula, 
Ra-226 = 1 .OE-04 x (Sr-go), taken from WHC-SD-WM-OCD-016 (Campbell 1997) 
Due to the difficulties associated with its analysis, the Pu-241 concentration was calculated using 
the formula, Pu-241 = 41x (Pu-239), taken from WHC-SD-WM-OCD-016 (Campbell 1997) 

D-5 
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Table D-4: Campaign 2000-1 Radionuclide Campaign Feed and Projected Slurry Product 

Am-241 9.27E-05 5.17E-05 2.06E-04 
Cm-244 9.27E-05 5.17505 2.06E-04 

' ' I  Feed composite from Appendix D, table D-3. 
(*) Tank 102-AW projected final mixture (liquid) concentration based upon the the assumption that 

the remaining heel will consist of a 27,500 gallons water flush, 14,000 feed, and 5500 gallons 
of Campaign 2000-1 slurry. 

conservatively calculated at maximum WVRF of 55% by using the formula, slurry = feed/(l-WVRF) 
13) Using assumption that all constituents concentrate at the same ratio, slurry values are 

D-6 
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APPENDIX E 

COMPARISION OF CAMPAIGN 2000-1 TO 242-A EVAPORATOR LIMITS 
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DSC 
(< 168 deg. C) 

ExothermlEndotherm 
( T  c 500 deg C) 

Shielding Design 
(CilL) 

Polychlorinated 
Biphenyls (3) 

Fissile Material 
Concentration 

Table E-I : Comparision of Miscellaneous Evaporator Limits ot Campaign 2000-1 Feed 

0 Jlg 0 Jlg in compliance 

0 < I  in compliance 

8.74E-02 CilL Cs-137 < 3.76E-01 CilL Cs-I37 in compliance 

< 4.00E-02 uglmL (undetected) 5 uglml (detected) in compliance 

6.02E-05glL fissile < 5.OE-03 glL fissile in compliance 
> 13.4 pH > 8.0 pH 
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Table E-2: Comparision of Tank 107-AP Feed Waste to Evaporator Feed limits 
for LERF Liner Acceptance 

(') From 242-A Evaporator Data Quality Objectives won Bargen 1998). The ratio of feed flow rate to slurry 

(*) 1-Butanol, acetone, 2-butanone, 2-butoxyethanol, and tributylphosphate were undetected in all samples. 

(3) The "TC - TIC" value exceeds the DQO limit of 7.07E+02 ppm. However, the technical evaluation was 

(4) TC - TIC and ammonia are not part of this summation 

flow rate is assumed to be equal 2.33 (maximum WVRF of 57%) 

For conservatism. the detection levels were used in comparision to the limits. 

performed to show in complance with the DQO limit (Bowman 2000a) 
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Alkenone none targeted I 1.00E+03 I na 

Table E-3: Comparision of Tank 108-AP Feed Waste to Evaporator Feed limits 
for LERF Liner Acceptance 

na I in compliance 

AlcohoVGlycol I-Butanol I 2.50E+05 I 9.06E+00 I 3.62E-05 1 in compliance 

Alkanone 1 Sumofacetone 1 1.00E+05 1 2.70€+00 1 2.70E-05 1 in compliance 

Aromatic 

~ 

(‘I From 242-A Evaporator Data Quality Objectives (Von Bargen 1998). The ratio of feed flow rate to slurry 

(’) 2-butoxyethanol was undetected in all samples. For conservatism, the dection levels were used 
flow rate is assumed to be equal 2 (maximum WVRF of 50%) 

in comparision to the limits. 
The “TC - T I C  value exceeds the DQO limit of 620 ppm. However, the technical evaluation was 
performed to show in compliance with the DQO limit (Bowman 2OOOb) 

(4) TC -TIC and ammonia are not part of this summation 
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I-Butanol 

Table E-4: Comparision of 107-AP to Evaporator Feed Limits 
Based on Volatile Emissions 

2.58E+02 2.00E+00 7.76E-03 I in compliance 
2-Butoxyethanol I 1.09E+02 2.00E+01 1.84E-01 I in compliance 

2-Butanone 

I Sum of Concentration I 1 I I 2.44E-01 1 in comoliance I 

6.61 E+01 2.00E+00 3.02E-02 I in compliance 

I to Limit Ratio (4) I 
(') From 242-A Evaporator Data Quality Objectives (Von Bargen 1998). The ratio of feed flow rate to slurry 

Tributyl Phosphate I 1.16E+04 

flow rate is assumed to be equal 2.33 (Maximum WVRF of 57%) 
(') 107-AP data is obtained from Appendix C. Acetone, I-Butanol, 2-Butoxyethanol, 2-Butanone, and 

tributyl phosphate were undetected in all samples. For conservatism, their detection limits are used 
in comparision to the limits. 

(3) The "TC -TIC" value exceeds the DQO limit of 99.4 ppm. However, the technical evaluation was 

(4) "TC - T I C  is not part of this summation 
performed to show in complance with the DQO limit (Bowman 2000a) 

2.00E+01 1.73E-03 1 in compliance 

E-6 
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Table E-5: Cornparision of 108-AP to Evaporator Feed Limits 
Based on Volatile Emissions 

('I From 242-A Evaporator Data Quality Objectives (Von Bargen 1998). The ratio of feed flow rate to slurry 

(*) 108-AP data is obtained from Appendix C. 2-Butoxyethanol was undetected in all samples. 

(3) The "TC - T I C  value exceeds the DQO limit of 87.2 ppm. However, the technical evaluation was 

(4) "TC - T I C  is not part of this summation 

flow rate is assumed to be equal 2 (Maximum WVRF of 50%) 

For conservatism, its detection limit is used when comparing to the limits 

performed to show in complance with the DQO limit (Bowman 2000b) 
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Table E-6: Comparision of 107-AP Radionuclide Concentration 
to Evaporator Bounding Radiological Source Strength Screening Limit 

Ra-226 3.30E-02 4.22E-06 1 .BE-04 in compliance 
Pu-238 1.30E-03 3.63E-05 2.79E-02 in compliance 

Pu-239/240 1.60E-01 7.12E-05 4.45E-04 in compliance 
Pu-241 1.50E+01 2.92E-03 1.95E-04 in compliance 
Am-241 l.OOE+OO 3.16E-05 3.1 6E-05 in compliance 
Cm-244 1.30E-02 3.1 6E-05 2.43E-03 in compliance 

(*) From 242-A Evaporator Safety Analysis (Campbell 1999) 
12) 107-AP data from Appendix D, Table D-3 
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Table E-7: Cornparision of 108-AP Radionuclide Concentration 
to Evaporator Bounding Radiological Source Strength Screening Limit 

I CO-60 1.20E-I 

Nb-94 9.80E- 

1.04E+02 6.93E-02 I in compliance I 
3.1 1E-02 2.07E-03 I in compliance 1.50E+01 

- 
5.00E+00 1.13E-02 2.26E-03 in compliance 
7.00E+00 9.07E-02 1.30E-02 in compliance 

2.15E-05 6.52E-04 in compliance 
ELI-I55 

-02 
3.48E-04 2.68E-01 I in compliance I Pu-238 1.30E-03 
3.48E-04 2.18E-03 in compliance 

1.43E-02 9.53E-04 in compliance 

2.62E-04 2.62E-04 in compliance 

-01 

Pu-241 I 1.50E+01 
+oo Am-241 1 .OOE. 

Cm-244 1.30E-02 2.62E-04 2.02E-02 I in compliance I 
’) From 242-A Evaporator Safety Analysis (Campbell 1999) 

108-AP data from Appendix D, Table D-3 

E-9 

.- . 



HNF-5997 Revision 0 

Table E-8: Cornparision of 107-AP Radionuclide Concentration 
to 242-A Evaporator Radionuclide Dose Cosequence Limit 

. .  

From 242-A Evaporator Safety Analysis (Campbell 1999) 

E-1 0 
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Table E-9: Cornparision of 108-AP Radionuclide Concentration 
to 242-A Evaporator Radionuclide Dose Cosequence Limit 

108-AP data from Appendix D, Table D-3 
(*I From 242-A Evaporator Safety Analysis (Campbell 1999) 

E-1 1 
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Ra-226 
Pu-238 

Pu-239/240 
Pu-241 

Table E-I 0: Cornparision of Projected Slurry Radionuclide Concentration 
to Evaporator Bounding Radiological Source Strength Screening Limit 

3.30E-02 1.96E-05 5.94E-04 in compliance 
1.30E-03 2.64E-04 2.03E-01 in compliance 
1.60E-01 3.21E-04 2.01E-03 in compliance 
1.50E+01 1.32E-02 8.80E-04 in compliance 

Am-241 l.OOE+OO 2.06E-04 2.06E-04 I in compliance 

E-1 2 

Cm-244 1.30E-02 2.06E-04 1 SEE-02 I in compliance 
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Table E-I 1 : Comparision of Projected Campaign Slurry Radionuclide Concentration 
to 242-A Evaporator Radionuclide Dose Cosequence Limit 

Pu-238 2.64E-04 9.77E+03 1.10E-04 1.07E+00 
1.43E+00 

Pu-241 1.32E-02 4.88€+05 2.20E-06 1.07E+00 
Pu-239/240 3.21 E-04 1.19E+04 1.20E-04 

Am-241 2.06E-04 7.62E+03 1.20E-04 9.15E-01 

Cm-244 2.06E-04 7.62E+03 6.70E-05 5.11E-01 
TOTAL (LIMIT OF 7.7E+03 SvlL) 7.1 1 E+01 

'I Projected slurry data from Appendix D, Table D-4 
(') From 242-A Evaporator Safety Analysis (Campbell 1999) 
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Table E-I 2: Cornparision of Projected Process condenste (PC) Concentration 
to LERF Radiological Limits 

from Table D-3 into the 242-A Evaporator Process Flowsheet (Campbell 1999) 
From 242AL Liquid Effluent Retention Facility Auditable Safety Analysis, 
HNF-SD-LEF-ASA-002 (Le 1998) 

by using its isotope activity ratio of 5.768E-16 Cihg (HNF-EP-0063) 

concentration is assumed to be at the dection level. However, projected process condensate 
concentrations is within the LERF Final Hazard Categoly For 12-hr pressurized Spray Release limit 
and 12-hour pool evaporation release limit. 

(’) The process condensate uranium-234 was obtained from process condensate uranium concentration 

(4) Ce-144 isotope was undetected in both 107-AP and 108-AP tanks. For conservatism, the 
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Table E-I 3: Cornparision of Projected Process condensate Concentrations to 
LERF Final Hazard Category For 12-Hour Pressurized Spray Release Limit 

Table D-2 into the 242-A Evaporator Process Flowsheet (Campbell 1999) 

maximum bounding concentration from Liquid Effluent Retention Facility Final Hazard Category 
Determination (Galioto 1997) 

using its isotope activity ratio of 5.768E-16 Cilug (HNF-EP-0063) 

(*I Spray release conversion factors are obtained using the formula: conversion = maximum spray release / 

(3) The process condensate uranium-234 was obtained from process condensate uranium concentration by 

E-15 
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Table E-I  4: Comparision of Projected Process condensate Concentrations to 
LERF Final Hazard Category For 12-Hour Pool Evaporation Release Limit 

Table D-2 into the 242-A Evaporator Process Flowsheet (Campbell 1999) 
(2 )  Pool evaporator release conversion factors are obtained using the formula: conversion = maximum pool 

evaporation release I maximum bounding concentration from Liquid Effluent Retention Facility Final 
Hazard Category Determination (Galioto 1997) 

(3) The process condensate uranium-234 was obtained from process condensate uranium concentration by 
using its isotope activity ratio of 5.768E-16 Cihg (HNF-EP-0063) 
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Na 54.07 I 1.83E+02 I 2.84E+01 I 5.20E+03 I 51.51 

Table E-16: Contribution of 5 Radionuclides of Slurry Product 
to DST Unit Liter Dose for Inhalation 

In Compliance 

I Am-241 I 11.78 1.20E-04 I 9.14E-01 I 0.08 I In Compliance 
(') Dose conversion factors were obtained from HNF-SD-WM-OCD-015 (Fowler 1999) 

Slurry ULD in percent is calculated by using the formula taken from HNF-SD-WM-OCD-015 (Fowler 1999) 
Slurry ULD (%) = [Slurry ULD (Svll) I l l 2 0  (Svll)] 100% 

U 

Table E-17: Contribution of 5 Radionuclides of Slurry Product 
to DST Unit Liter Dose for Ingestion, Ground Shine and Resuspension 

('I Effective dose conversion factors were obtained from HNF-SD-WM-OCD-015 (Fowler 1999) 
(') Slurry ULD in percent is calculated by using the formula taken from HNF-SD-WM-OCD-015 (Fowler 1999) 

Slurry ULD (%) = [Slurry ULD (SvIl) l6.41E-02 (Svll)] " 100% 

3.33 I 2.57E-02 I 3.41E+01 I 8.76E-01 I 0.01 I In Compliance 

Tatile E-18: Comparing 5 Radionuclides of Slurry Product 
to DST Chemical Total Fraction of Risk Guide (TFR) Bounding Limits 

E-18 
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APPENDIX F 

CALCULATIONS 
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F.l FINAL WASTE VOLUME REDUCITON FACTOR CALCULATION 

Assumotion: 

Tank 102-AW initial level = 368.5 inches 
Tank 102-AW final level = 16 inches 
Tank 108-AP initial level = 137 inches 
Tank 108-AP final level = 10 inches 
Pre-campaign Training Run = 30,000 gallons (excluded from WVFW calculation) 
Final pot flush = 10 inches 

Processable volume = (368.5 + 137 - 16 - 10 )in * 2750 gal/in + 30,000 gal 
Processable volume = 1,350,000 galllons 

107-AP Theoretical WVRF = 57% (boildown report letter, Bechtold 2000a) 
108-AF' Theoretical WVRF = 50% (boildown report letter, Bechtold 20004 

0.57 x (368.5 - 16)in + 0.50 x (137 - I0)irz 
(368.5 - 16)in + (137 - 1O)in 

Campaign PWRF = x 100% = 55% 

WVRF loss due to final uot flush: 

flush volume 
processable volume 

x 100% wm,oss = 

10 in x 2750 gallin 
x100% = 2.% - 

~ R F i o s s  - 1,350,000 

WVRF",,., = 55% - 2 % = 53% 
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F.2 THRO UGHPUT CALCULATION 

Throughput = total material transferred through Evaporator feed line 

V 

=f ??=I 1 
Throughpiif = 

Where T = processing time = throughput'feed rate (min) 
V =amount of waste to be processed (gal) 
P =number of evaporator passes 
W = process condensate recycle for seal water systems (gpm) 
WVRF,,, = waste volume reduciton factor per evaporator pass 
F = feed rate (gaVmin) 

Assuming one pass of 55% WVRF, the equation above can be simplified as 

xSeal water (gpm) 
Processable vohime (gal) 

Feed rate (gpm) - Seal water (gpm) 
Throughput (gal) = Processable volume (gal) t 

Boiloff rate (gpm) - Deentrainer Pad Sprays (gpm) 
m Feed rate (gpm) = 

Assumption: Process volume = 1,350,000 gallons 
Seal water = 2.6 gpm (seal water) 
Boil-off rate = 42 gpm (average boil-off rate from campaign 99-1) 
Deentrainer pad spray = 1.9 gpm 

(42gpm - 1.9gpm) 
0.55 

Feed rate = = 13gpm 

x 2.6 gpm 
1,350,000 gal 

73 gpm - 2.6gpm 
Throughput = 1,350,000gal + 

Throuehput = 1.400.000 eallons 
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F.3 CAMPAIGN DURATION CALCULATION 

throughput (gal) 
feed rate(gpm) x operatingeffiency x 1440(min/dy) 

Duration = + 3 dys 

Assumption: Throughput = 1,400,000 gallons 
Feed rate = 73 gpm 
Operating efficiency = 85% (based on average past campaign TOES) 
3 days for startup, flushing, and final shutdown. 

1,40O,OOO(gaI) 
73 (gpm) x 0.85 x 1440 (middy) 

Duration = -k 3 dys 

Duration = 19 daw 

F.4 PROCESS CONDENSATE GENERATION 

P.C Generation = ratio x WVR x Process volume(ga1) 

Assumptions: 

Process volume = 1,350,000 gallons 

WVR = 0.55 

P.CGeneration = 1.17 x 0.55 x 1,350,000gallons 

P.C Generation = 869.000 gallons 

F-5 
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F.5 CRITICALITY CALCULATION 

Total fissile (g) = Fissile Conc. (a) x volume (gal) x 3.785 (L/gal) 

Fissile Conc (a) = Pu-239/240(g/L) + U-235 (a) + U-233 (Sn) 

U-235 (g/L) = (9.33 E-03 - 7.20 E-03) x Uranium (a) 
U-233 (g/L) = 1.077 E-10 x Uranium (&) 

Pu-239/240(uCi/ml) x l .OE+03(ml /L)  
6.2E-02 ( C i / g )  x l,OE+06(uCi/Ci) 

Pu -2391240 ( g / L )  = 

Pu - 2391240 (uCi/ml) 

l-u7/RF 
feed PU - 2 3 9 1 2 4 a ~ , ~ ~ ~  (uCi/ml) = 

Given: U r a n i ~ m , ~ ~ . ~  = 9.35 E-03 g/L  
P ~ - 2 3 9 / 2 4 0 ~ ~ ~ . ~  = 2.11 E-04 uCi/ml 
107-AF' volume = 970,000 gallons 
Uraniumlos.Ap = 1.88E-02 g L  
P ~ - 2 3 9 / 2 4 0 ~ ~ ~ . ~  = 3.60 E-04 uCi/ml 
108-AF' volume = 350,000 gallons 
Uraniumf..d = 1.19E-02 (based on tank volumetric ratio) 
P ~ - 2 3 9 / 2 4 0 ~ ~ ~ . ~  = 2.5 1 E-04 uCi/ml (based on tank volumetric ratio) 
108-AF' volume = 1,320,000 gallons 
WVRF = 55% 
Slurry volume = (1 - 0.55) x 1,320,000 gal = 594,000 gallons 

Assumptions: 

(1) Feed composite was based on 970,000 gallons of 107-AF' waste and 350,000 gallons of 108-AF'. 
Highest tank concentration was used. For conservatism, detection level was used as constituent's 
concentration when it was undetected. 

(2) Using the conservative assumption that all constituents concentrate to 55%WvRF at the same ratio, 
the concentrations in slurry are estimated by using the formula: 

feed 
1-WVRF 

Slurry = 

F-6 
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(3) U-233 and U-235 weight percent (wt%) enrichment are 0.933 wt% and 1.077E-8wt%, respectively. 
These weight percent are obtained from Isotopic Uranium Analysis Composition, Internal Memo, 
7C242-92-019, C. C. Pitkoff, dated August 6, 1992. One gram of U-235 in excess of 0.72 wt% 
enrichment is assumed equivalent to one gram of plutonium 

(4) The specific activity of Pu-239l240 is 6.20 E-02 Ci/g 

The camoaien feed composite fissile concentration is as follows: 

2.51E-04 (uCilml) x 1.OE+03 (ml/L) 
6.2E-02 (Ci lg)  x l,OE+06(uCilCi) 

PU -2391240feed = 4.05E-06glL (g/L) = 

U-235fe.a (a) = (9.33 E-03 - 7.20 E-03) x 1.19 E-02 fl = 2.53 E-05 fl 

U-233feed (gn) = 1.077 E-10 x 1.19 E-02 @ = 1.28 E-12 @ 

Fissile concentration (g/L) = (4.05 E-06 + 2.53 E-05 + 1.28 E-12) = 2.94 E-OS dL 

The campaign slum uroduct fissile concentration is as follows: 

2.51E-04 (uCilm1) 
1 - 0.55 

Pu -239/240slurry (uCilml) = = 5.58 E -04 uCi/ml 

1.19E-02 ( g / L )  
1 - 0.55 

Uraniumslurv ( g l L )  = = 2 . 6 4 E - 0 2 g l L  

5.58E - 04 (uCi /mi) x 1.OE +03 (ml/ L) 
6.2E-02 ( C i / g )  x I,OE+06(uCilCi) 

= 9.00E-06 g l L  (glL) = PU - 2391 24OSIurv 

U-235,1w (&) = (9.33 E-03 - 7.20 E-03) x 2.64 E-02 g/L = 5.62 E-05 g/L 

U-233feed (g/L) = 1.077 E-10 x 2.64 E-02 g/L = 2.84 E-12 g/L 

Fissile concentration (fl) = (9.00 E-06 + 5.62 E-05 + 2.84 E-12) = 6.52 E-05 EL 

& 
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Total Fissile transferred to 106-AW 

Total Fissile (g) = Fissile conc. (gn) x Slurry volume (gal) x 3.785 L/gal 

Total Fissile (g) = 6.52 E-05 gL x 594,000 gal x 3.785 L/gal = 147 grams 

Sum of subcritical mass fraction of s lum aroduct calculation 

Limit: Sum of subcritical mass fraction (Sumsubm,tlcaJ > 2 when sluny product contains > 50 g (Fowler 1999) 

Given: Slurry product data is obtained from Appendix D, Table D-2 
u,1, - - 2.64E-02 g/L (see calculation above) 
FeSl,, = 2.24E-02 g/L 

NiSLu, = 8.93E-03 gL 
Mns~, = 4.47E-03 fl 

CI,~,,= 1.55E+00 g/L 
= 6.52E-05 gL fissile (see calculation above) 

2.64E - 02 2.24E - 02 4.47E - 03 8.93E - 03 1.55 [ 770 160 + 32 + 105 +-I 135 6.52E - 05 
+ - 

Sumsubcritical - 

-_ > Sum,b~ti,.l = 1.82E+02 >> 2 minimum limit (in compliance) 



HNF-5997 Revision 0 

Supernate Pu-239 
(uCi/ml) 

Tank 106-Aw"' 9.23E-04 

Slurry to 106-AW(*) 3.21E-04 

Slurry to 102-AW(*) 8.07E-05 

F.6 TRANSURAN IC MATERIAL CALCULATION 

Am-24 1 SPG Total Waste Type 
(uCi/ml) (g/ml) (nCi/g) 

2.8 6E-04 1.347 8.98E-0 1 Non-TRU 

7.02E-05 1.41 2.77E-01 Non-TRU 

1.76E-05 1.11 8.86E-02 Non-TRU 

Waste Designation rule: TRU > 100 nCi./g 

Non-TRU < 100nCilg 

Solids 

TK-102-A$" 

TK-lO6-AW3' 

Pu-239 Am-241 Total 
(uCi/g) (uCilg) (nCi/g) 

1.7 1E+00 2.20E+03 4.95E-01 

4.45E-02 1.50E-01 1.95E+02 

TRU (nCi/g),,l,d, = [ Pu-239 (uCi/g) + Am-241 (uCi/g) ] x 1,000 (nCiluCi) 

Waste Type 

TRU 

TRU 

:3) Results was obtained from the average of sludge samples 2-AW-95-1 and 2AW-95-3 for tank 102-AW and 
6AW-95-3 & 6AW-95-3 for tank 106-AW. 
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i Parameter 

F.7 HEAT GENERATION CALCULATION 

Sluny Receiver Tank Limit = 70,000 B t u h  
Slurry Cs-137 limit = 547 uCi/ml 
Slurry Sr-90 limit = 404 uCi/ml 

Cs-137 Sr-90 

Slurry to Tank 106-AW(') 
Slurry to Tank 102-AW"' 

Sluny Limit 
Comment 

(uCi/ml) (uCi/ml) 
1.94E+02 1.96E-01 
4.88E+0 1 4.YlE-02 
5.47E+02 4.04E+02 

In compliance In compliance 

Parameter Supernate volume 
(gallons) 

Slurry to Tank 106-AW(" 594,000 
Tank 106-AW'3' 30,250 

Slurw to Tank 1O2-AWc2) 47,000 

CS-137 Sr-90 Heatrupemvtc 
(uCi/ml) (uCi/ml) (Btuihr) 

1.39E+02 
1. Y4E+02 1.96E-01 6.99E+03 
2.1 1E+02 1.1 1E-01 3.96E+02 

4.88E+O 1 4.91E-02 

Tank Sludge 
(in) 

Tank I02-Aw'" 15.6 
Tank 106-AW(" 87 

F-10 

SPG Cs-237 Sr-90 Heat,ldgc 
(uCiIg0 (uCi/g) (Btuihr) 

1.42 8.64E+01 6.64E+02 3.84E+03 
1.95 3.16E+01 5.25E+01 3.02E+03 

Total Heat Load Limit 
( B m W  

Tank 102-AW 1.39E+02 3.84E+03 3.97Ei-03 7.OE+04 
Tank 106-AW 6.99E+03 3.02E+03 1 .OOE+04 7.OE+04 

Comment 

In compliance 
In compliance 
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F.8 SLURRY CRITICAL VELOCITY CALCULATION 

Critical Velocitv for 30% solids in s lum str e m  Calculation 

The critical velocity is defined as the minimum velocity required to keep solid particles suspended in slurry 
stream. 

From the Critical Velociry in Pipeline Flow of Slurries, AIChE Journal , Volume 26, pp 550-558, A. R. 
Oroskar and R. M. Turian 1980 

Critical Velocity is: 

Assumptions : a d  = 0.3 (30% solids, worst case) 
a, = 0.7 (70% liquid by volume) 
D,,,, = 2 in = 0.0508 m (diameter ofthe jumper) 
Dd = 15 pm = 1.5E-05 m (average diameter of the solid particle in slurries) 
pc = 1.41 g/ml = 1410 kg/m' (density of flush water) 
pd = 2.26 g/mL (density of solid particle, assumed NaN03) 

g = 9.8 m/s2 
x = 0.97 (average fraction of the turbulent fluid eddies for sodium salt solution) 
vd = settling particulate velocity 
v,l,, = 30 gpm = 3.06 fi/s = 0.934 m/s (gravity flow rate from past campaigns) 

= 5.84 CP = 3.92E-03 Ib/ft-s= 5.84E-03 kg/m sec (slurry viscosity) 

Therefore, 

V, ,,,, coi = 1.85 * 9.41E - 03 * 0.3 0.1536 ,o,70.3564 * (  5.08E-02)0'378( 5.08E-02*1410 *9.41E-02 * 0.97q3 
1.5E-05 5.84E - 03 

==> V,,,t,,,L = 0.418 m/s (slurry minimum flow rate) 

Since the minimum sluny velocity (V3,,,, = 0.934 m/s) is much greater than the minimum slurry critical velocity (V,,,,,,,, = 
0.418 d s  ) and no solids precipitation in slurry before slurry reaches 1.41 (from pre-campaign boildown studies), there is 
no potential sluny line plugging. 

F-11 
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Limit: (1) Slurry density d 1.41 g/ml 
(2)  PrOductSpCsrrludgc = Slurry density x SludgeM (in) 3 148 in 

Assumption: Slurry density = 1.41 g/ml (pre-campaign boildown studies) 
102-AW sludge level = 15.6 in 
106-AW sludge level = 87 in (Campaign 99-1 post run, HNF-5181) 
Campaign WVRF = 55% 

Slurry Density = 1.41 g/ml = 1.41 limit (incompliance) 

106-AW PrOdUCtspoe.s~ud,. = 1.41 x 87 in = 123 in < 148 in limit (in compliance) 

102-AW ProductspGe.,l,d, = 1.41 x 15.6 in = 22 in < 148 in limit (in compliance) 

F. 10 ORGANIC AND ENERGETIC REACTION CALCULATION 

Exofherm ( J l g )  
Endotherm ( J l g )  

Limit: (1) < 1.0 for feed stream 

(2) TOC 5 0.45 dry wt% (if slurry contains less than 20% water) 

A. ExothennEndotherm Ratio Calculation 

Feed exotherm = 0 Jlg (From Appendix C) 

Exofherm ( J l g )  
Endofherm ( J  I g)  

= 0 < 1.0 (in compliance) __ --> 

F-12 
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- B. Percent water in s l u m  product Calculation 

Assumptions: 107-AP waste: 970,000 gallons with 74.5% water 
108-AP waste: 350,000 gallons with 76.6% water with 
Campaign W W  = 55% 
Solids SpG = 2 

x 100% = 75% 1 0.745 x 970,000 + 0.766 x 350,000 
970,000 + 350,000 

%Wnterfeed 

(0.75 + 0.25 
(1 - 0.55) - - 

x 100% 
2 %Wntershrry - - 

[(0.75 + y ] ( l - O . 5 5 ) - -  2 

%Waterslurv = 52% 

C. Percent drv weirht TOC calculation 

TOCfeed = 0.989 g/L (From Appendix D) 
%Waterfeed = 75% 
SpGfe.,j = 1.21 g/L (From Appendix D) 

%TOC = 

%TOC = 

x 100% 1 T°Cf,ed ( g l L )  

(1 - %Waterfeed) x SpG feed x 1000 mll L 

x 100% 1 0.989 g l L  
(1- 0.75 ) x 1.21 x 1000 mJlL 

%TOC = 0.33 %dry wt < 4.5 % dry wt (in compliance) 
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Parameter Sr-90 TRU‘’) 
(uCi/ml) (nCi/g) 

Slurry to 102-AW‘” 4.9 1 E-02 8.86E-02 

F. 11 SLURRY WASTE SEGREGATION CALCULATION 

Na SPG TOC 
(moles&) (g/ml) (dL) 
2.00E+00 1.11 5.52E-01 

TOC(moles1 L )  
Na (moleslL) 

Segregation Criteria: (1) < 0.5 

Tank 106-AW‘3’ 1.11E-0 I 

Sr - 90 (Bql L )  
Na (moles I L )  

< 4.4E + 07 Bqlmoles (2) 

6.96E+00 1.347 2.49E+00 8.98E-0 1 

TRU(BqlL)  < 4.8E+O5 Bqlmoles 
No (moles I L )  

(3) 

Parameter 

Slurry to 102-AW 

SlurIy to 106-AW 

Tank 106-AW 

Segregation Criteria 

TOCINa Sr-90/Na TRUINa 
(mole ratio) (Bqlmoles) (Bqlmoles) 
2.30E-02 9.08E+02 1.82E+O3 

2.30E-02 9.10E+02 1.8 1E+03 

2.98E-02 5.90E+02 6.43E+03 

5 .OOE-0 1 4.40E+07 4.80E+05 

Comment In compliance In compliance In compliance 

I , I , I I 

(1) TRU values are obtained from Appendix F, Section F.6 
(2) Slurry values are obtained from Appendix D. 
(3) Data is obtained from 242-A Evaporator Campaign 99-1 Post Run Document, HNF-5181, dated October 14, 1999 

1999) 

TOC ( g  I L )  - - TOC(moles1L) 
Na (moleslL) 12 gTOClmoles x Na (moleslL) 

CIIL 
Sr-90 (uCilml) x1.0E-06- 

- uCi I mi 
2.703E-11 CilBq x Na (moleslL) 

- 
Sr-90 (BqIL)  
Na (moles I L )  

C i I L  
T R U ( n C I l g ) x S p G ( g l m l ) x l . O E - 0 6 -  

- nCilml 
2.703E-11 CilBq x Na (moleslL) 

- 
TRU (BqIL)  
Na (moles1L) 

F-14 



HhT-5997 Revision 0 

F.12 AMMONIA RELEASE CALCULATION 

F. 12.1 Ammonia In Process Condensate Calculation 

NH3,pc Limit 10,000mgL 

Assumption: WVRF = 0.55% 
"3.Fccd = 182 mg/L (highest concentration in feed samples) 

0.939 x 182 m g l L  
0.55 

"3,, ( m g l L )  = 

NH3,pc = 3 11 mg/L < 10,000 mg/L limit (in compliance) 

F. 12.2 Ammonia In Vessel Vent Calculation 

NH3,"v Limit 100 Ibsldy 

Assumption: Feed rate = 73 gprn 
WVRF = 0.55% 
"3,Fecd = 182 mg/L (highest concentration in feed samples) 

0.061 x NH3Ferd ( m g l L )  x (Feedrate (gallmin) x 1440(min/dy)+25,000gal)x3.785 Llgal  

1000 m g l g  x 454 gllbs 
(lbsldy) = 

0.061 x 182 m g l L  x (73 gallmin x 1440 minldy +25,0OO)x 3.785 L l g a l  
1000 m g l g  x 454 gl lbs  

NH (Ibsldy) = 
3, w 

= 12 Ibsldy < 100 Ibsldy limit (in compliance) 

Note: The NH,,,, and NH3,pv equations are obtained from The Correlation of242-A Feed Ammonia Content to Ammonia 
Release During Campaign 94-2, Internal Memo #71730-95-004, dated March 28, 1995. 
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Parameter 

Basin 42 

F. 13 LERF FISSILE CALCULATION 

LERF Exempt Limit < 15 g Pu-239 

P ~ - 2 3 9 ~ ~ ~  (g) = 2.33E-13 (g L/pCi-gal) x 

Pu-239 ( I )  Basin Volume Pu-239 
(pCi/L) (gallons) (E) 

6.70E-01 1.92Et06 3.00E-07 

Pu-239 (pCiiL) x 

Basin 43 

Basin 44 

Process Condensate 
From Campaign 2000-1 

VolumeBAsM (gallons) 

3.90E-01 7.80E+06 7.09E-07 

8 60E+02 4 45E+06 8.92E-04 

7.50E-02 6.6 1E+O5 1.16E-07 

Total LERF PU-239 (g) = 8.93E-04 g 

F-16 
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APPENDIX G 

CAMPAIGN FEED COMPOSITE PREDICT RUNS 
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Evaporator Campaign Feed Composite Predict Run 

PASS ONE DOUBLE SHELL SLURRY RUN 
PASS STOPPED AT 50% WVR LIMIT. 
TEMPERATURE 50.1 C 122.2 F PRESSURE 60.0 Torr 
PASS WVR 50.0 TOTAL WVR 50.0 

EVAPORATOR TANK CONDITIONS 
CONDITIONS 20.0 c 

FEED SLURRY SUPERNATE SOLIDS* SUPERNATE SOLIDS 
VOLUME, gal .135Et07 .675EtO6 .675E+06 . O O O  .675E+06 .667E+04 
HYDROXIDE,M .639 1.278 1.278 . o o o  1.278 . o o o  
ALUMINATE,M .344 . 6 8 8  . 6 8 8  . o o o  , 6 8 8  . o o o  
NITRATE,M 1.520 3.040 3.040 . o o o  3.040 ,000 
NITRITE,M .638 1.276 1.276 , 0 0 0  1.276 , 0 0 0  
CARBONATE, M ,186 .372 .372 , 0 0 0  .372 . a 0 0  
PHOSPHATE, M .040 ,079 ,079 . o o o  . o o o  .040 
SULFATE,M .024 .048 .048 . o o o  .048 . ooo  
FLUORIDE,M .040 * 080 . 080  . o o o  . 0 8 0  ,000 
ORGANIC, G/L .989 1.978 1.978 . o o o  1.978 . o o o  

PASS TWO DOUBLE SHELL SLURRY RUN 
PASS STOPPED AT 50% WVR LIMIT. 
TEMPERATURE 61.9 C 143.5 F PRESSURE 60.0 Torr 
PASS WVR 50.0 TOTAL WVR 74.8 

EVAPORATOR TANK CONDITIONS 
CONDITIONS 20.0 c 

FEED SLURRY SUPERNATE SOLIDS* SUPERNATE SOLIDS 
VOLUME, gal .668Et06 .370Et06 .334E+O6 .36OEtO5 .334Et06 .675Et05 
HYDROXIDE,M 1.278 2.308 2.556 . o o o  2.556 . o o o  
ALUMINATE,M . 6 8 8  1.242 1.376 . o o o  1.376 . o o o  

NITRITE,M 1.276 2.304 2.552 , 0 0 0  2.552 . ooo  
CARBONATE,M .372 .672 .098 ,323 .076 .334 
PHOSPHATE,M . o o o  . o o o  , 0 0 0  , 0 0 0  . o o o  . o o o  
SULFATE,M ,048 .087 . o o o  .048 . o o o  ,048 

ORGANIC, G/L 1.978 3.571 3.956 . o o o  3.956 . o o o  

NITRATE,M 3.040 5.489 4.781 ,650 2.322 1.879 

FLUORIDE,M . 0 8 0  .145 .030 .065 .030 .065 
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Evaporator Campaign Feed Composite Predict Run 

PASS THREE DOUBLE SHELL SLURRY RUN 
PASS STOPPED AT 50% WVR LIMIT. 
TEMPERATURE 77.6 C 171.7 F PRESSURE 60.0 Torr 
PASS WVR 50.0 TOTAL WVR 84.6 

EVAPORATOR TANK CONDITIONS 
CONDITIONS 20.0 c 

FEED SLURRY SUPERNATE SOLIDS* SUPERNATE SOLIDS 
VOLUME, gal .267EtO6 ,146Et06 .133EtO6 .125E+05 ,133Et06 .412Et05 
HYDROXIDE, M 2.556 4.672 5.112 , 0 0 0  5.112 .ooo 
ALUMINATE, M 1.376 2.515 2.752 . ooo  1.847 ,453 

NITRITE,M 2.552 4.665 4.062 f521 1.308 1.898 
CARBONATE, M .076 ,138 , 0 5 6  .048 ,010 .071 
PHOSPH&TE,M ,000 .ooo ,000 ,000 . o o o  .ooo  
SULFATE,M . o o o  , 0 0 0  . o o o  . o o o  . o o o  , 0 0 0  

ORGANIC, G/L 3.956 7.232 7.912 . ooo  7.912 . ooo  

NITRATE, M 2.322 4.245 3.250 ,697 ,598 2.023 

FLUORIDE,M ,030 .054 f 0 0 8  .02 6 , 0 0 8  ,026 

PASS FOUR DOUBLE SHELL SLURRY RUN 
PASS STOPPED AT 8 MOLAR CAUSTIC LIMI 
TEMPERATURE 65.3 C 149.6 F PRESSURE 60.0 Torr 
PASS W R  36.1 TOTAL W R  87.1 

EVAPORATOR TANK CONDITIONS 
CONDITIONS 20.0 c 

FEED SLURRY SUPERNATE SOLIDS* SUPERNATE SOLIDS 
VOLUME, gal ,921E1.05 .588Et05 .588Et05 . O O O  .588Et05 .583Et04 
HYDROXIDE,M 5.112 8.000 8.000 . ooo  8.000 . ooo  
ALUMINATE, M 1.847 2.890 2.890 . o o o  .708 1.394 
NITRATE,M ,598 .936 .936 . o o o  .633 .194 
NITRITE,M 1.308 2.047 2.047 . o o o  1.128 .587 

PHOSPHATE,M , 0 0 0  . o o o  . o o o  . o o o  . o o o  .ooo  
SULFATE,M . ooo  . o o o  . o o o  . o o o  . o o o  , 0 0 0  
FLUORIDE,M , 0 0 8  .012 .012 . o o o  .012 . o o o  
ORGANIC, G/L 7.912 12.382 12.382 . ooo  12.382 . ooo  

CARBONATE,M .OlO ,015 ,015 . o o o  , 0 0 8  , 0 0 5  
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107-AP AND 108-AP TANK SAMPLE NUMBER RE-ASSESSMENT 

DEFT ANALYSIS RESULTS 
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Table H-I: Tank 107-AP Final Characterization Data Power Curve Analysis 

Analyte 1 Units 1 7AP-00-2 1 7AP-00-3,I ,7AP-004 1 MEAN I STD I RSD ]DEFT 

Table H-2: Tank 108AP Final Characterization Data Power Curve Analysis 
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D. L. Herting D p  
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T6-07 
T6-07 
S6-72 
R2-12 
R2-12 
S6-71 
T6-07 

Subject: 241-AP-107 LIQUID COMPOSITE BOILDOWN STUDY 

References: (1) WHC-N-1305-1, January 2000, Controlled Laboratoly Notebook, 
pgs. 66-73, Fluor Hanford , Richland Washington. 

Internal Memo, 32200-99-040, E. Q. Lee to D. B. Bechtold, “Letter of 
Instruction 03-242-A Evaporator Campaign 2000-1 Boildown Studies,” 
December 9, 1999. 

LT-5 19-183, “Determination of Boiling Pressures and Temperatures As 
Function of % WVR (Boildown),” Revision A-1, dated July 7, 1999. 

(2) 

(3) 

INTRODUCTION 

This memo reports the results of a compositing and boildown study of liquid taken from tank 
241-AI’-107, as instructed in Reference (2). Liquid from that tank is destined to be fed to the 
242-A Evaporator for concentration. A boildown is a distillation at customer-specified pressures 
to a customer-specified degree of volume reduction (called % Waste Volume Reduction or 
%WVR) The method used for the boildown is detailed in Reference (3), and the data taken 
during the study was recorded in Reference (1). 

d 
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EXPERIMENTAL. 

Calibrations 

The temperature readout for the boildown apparatus was a NIST-traceable K-type thermocouple 
reader. The thermocouple and thermocouple reader were calibrated by comparing readings with 
a NIST-traceable thermometer in a stirred pot of water heated from ambient to normal boiling. 
The resulting calibration curve provided temperature corrections of less than 1/2 "C in all cases. 
The pressure reader/controller was calibrated by boiling pure water in the apparatus at the three 
pressures of interest indicated in Reference (2), and comparing pressure indication with the true 
vapor pressure of water found in standard tables at the (calibrated) temperature reading. The 
three corrections to  indicated pressure so derived were -0.2, -0.8 and +2.2 Torr., at 80, 60, and 40 
Torr., respectively. They were subsequently used to  provide true pressure readings. 

Mixing Studies 

The tank 241-AP-107 liquid samples 7AP-00-2D, 7AP-00-3D and 7AP-00-4D were mixed 
together. They consisted of three 125 mL bottles, each completely full of clear, yellow liquid. 
The resulting composite gave no indication of reaction whatever, evolving no gas or precipitate 
or color change during the 16 minutes it was under observation. The composite was 
subsequently spilled, due in part to the necessarily large size of the composite jar. 

Subsequently, three more samples from tank 241-AP-107 were utilized in another mixing study 
after customer approval. The samples were 7AP-00-2B (approximately 65 mL), 7AP-00-3B 
(approximately 40 mL), and 7AP-00-4B (approximately 100 mL). Mixing the three samples 
together produced the same non-result as was previously observed, except that after 19 hours a 
slight amount of a gray floc was noticed in the bottom of the composite jar. It was possible that 
portions of this floc could have already existed as unobserved sediment in the individual sample 
bottles. Two aliquots, 5 mL each, were withdrawn from the composite into sample vials 17605 
and 17607, respectively, for total carbon, (TC), total inorganic carbon (TIC), and specific gravity 
(SpG) analysis 

Boildown 

The apparatus had previously been saturated with water condensate in the distillation head to  
minimize holdup error. The second composite was used for the boildown on 1/27/00. The entire 
composite was measured tp be 186 mL, and was loaded into the boildown pot Boildown 
measurements where then made at approximately 10% WVR intervals and at approximately 80, 

A-6002-122 (0SiSS) 
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60 and 40 Torr. At 48.9 % WVR, two aliquots, 5 mL each, were drawn from the pot into vials 
17610 and 17613, respectively, for total carbon, (TC), total inorganic carbon (TIC), and specific 
gravity (SpG) analysis. The same aliquotting for analysis was performed again into vials 17614 
and 17617, respectively, at 54.6% WVR. Boildown continued until gross solids precipitated at 
66.8%WVR. The boildown study took slightly less than 6 hours. A post-hoildown examination 
was conducted the next morning. 

d 
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RESULTS 

Two mixing studies produced no clear indication of reaction when the separate liquid samples of 
tank 241-AP-107 were mixed together. The slight amount of gray floc sediment in the second 
composite used for the boildown cannot be ruled out as having been present in one or more of 
the samples (7AP-00-2B, 7AP-00-3B or 7AP-00-4B) from which the composite was made. 

The boildown study results and the calculational formulae used to  derive them are attached. 
Figure 1 below displays the boildown curves, as well as some notations of observations and lab 
results: 

J 

A-6002-122 (08/98)  



FLUOR DANIEL HANFORD, INC. 
I N T E R O F F I C E  C O R R E S P O N D E N C E  

E Q. Lee 
Page 5 
March 16, 2000 

Aliquot I Lab ID I %WVR I Sp.G. 

8D500-DBB-00-009 
Reissue 

TC TIC TOC' 
(pg/mL) I ( U g I m L )  I ( U g / m L )  

17605 I SOOT000189 I Not I 3.07E+03 12,46E+03 I 0.61E+03 

DISCUSSION 

The boildown curves indicate an expected elevation in boiling point when compared with the 
boiling point of pure water at comparable pressures. Calculations revealed that the last aliquots 
were actually taken at 54.6%WVR -- not at the desired 60%WVR. 

d 
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The lab data appear to be generally consistent with the boildown progress, as shown by Figure 2 
below. The TC, TIC and TOC are all linear with concentration factor and pass reasonably close 
to the origin, implying that TOC is not being volatized or destroyed by the boildown process. 

The SpG data is consistent with the simple additive-volume model for water removal: 

P =(Po-P,)cf+P, 

where p is the current solution density, po is the density at the start of the boildown (equal to 
1.172 by fitting), pw is the density of the pure water being removed (equal to 0.997 g/mL), and cf 
is the concentration factor. The line of this equation was fitted to the SpG data and is displayed 
in Figure 2. The SpG fit by this model extrapolates to 1.435 at cf = 2.5 (60%WVR). The 
desired SpG of 1.41 would be reached at cf = 2.36, or 57.6%WVR. 

AP-107 SOILDOWN LAB DATA 

1000 , 1.5 

Conc. Factor  
d 

Figure 2 I 
A-6002-122 (08198) 
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CONCLUSIONS 

The samples of 241-AP-107 liquid represent a uniform composition. 

The composite boils down in a well-behaved manner. A SpG of 1.41 should be reached at 
approximately 57%WVR. 

If solids are formed in the 242-A evaporator when the 241-AP-107 tank liquid is evaporated, 
they should be easily re-dispersed. 

If you have any hrther questions or need for clarification, feel free to contact me at 373-2162. 

fjh 

Attachments (3) 

J 
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Attachment 1 

TIME POT RCVR. CUM. RCVR. CUM. 
REFLUX DUMP DUMP READ RCVD. 

(mL) (mL) (mL) (mL) (mL) 
9:17 186 0 0 0 0 

8D500-DBB-00-009 
Reissue 

INCR. POT CONC. CUM. %WVR 
RCVD. LEFT FACTOR CONC. 

(mL) (mL) FACTOR 
0 186 1.0000 1.0000 0.0 

I 

1258 

l3:30 85 0 74 26.5 100.5 9.5 75.5 1.1258 2.2043 54.6 

241-AP-107 BOILDOWN RESULTS 

A I  8 1  C I  D I  E l  F [  G l H l  11 J I  K 

AP-107 BOILDOWN 1/28/00. composite of aDDrox. 65 mL 7AP-00-28 + 40 mL7AP-00-38 

1 
9:48 186 0 0 18.5 18.5 18.51167.5 1.1104 1.1104 9.9 

A-6002-I22 (08198) 
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P read 
(Torr) 

Attachment 1 (continued) 

P true T read T true ALIQUOTS COMMENT OBSERVATION 
(Torr) (C) (C) DRAWN 

8D500-DBB-00-009 
Reissue 

2 

241-AP-107 BOILDOWN RESULTS (CONT.) 
I L I  M I N I 0 1  P I (1 I R 

(mL)I 

_-,  
I 791 78.61 55.11 54.61 10 Withdrew from this: 

5mLto 17614, 
SOOT0001 91 ; 

?Lto  17617. 
lSOOT000269 

Solution same as previous 

5mL to i7605, small amt. floc sediment I I I I I  SOOTOa0189 

21 
22 

23 

24 
25 
26 

27 
28 
29 

17 after this. 

18 
19 60 59.2 47.8 47.4 

39 41.2 39.7 39.5 

60 79.8 53.7 53.2 10 
Withdraw from this: 
5mLto 17610, 
SOOT0001 90; 
5mLto 17613. 

60 59.2 49.5 49.1 j5n 
40 42.2 41.1 40.9 

78 77.8 57.9 57.3 0 No gross solids, 

59 58.2 _I =* 
39 41.2 43.8 43.5 
70 77.6 61.7 61.0 0 Sudden solids at close to 

44 mlcollected: white In 

but clouded, bumping 

p i i ~ w ~ ~ i ~ t i o n  st 14:ia. 
58 57.2 55.r -.-, 
39 41.2' '- 

7" I I l l l  lSOOT000268 

about the same 

notice some particulate 
on pot wall 

.*I  54.3 I I 
1 4/.51 47.11 J 

A-6002-122 (08198) 
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1 

2 

Attachment 2 

241-AP-107 BOILDOWN FORMULAE 

I A I 0 I C 1  D I  E l  F I G I  H I  I I J I  K 
AP-107 BOILDOWN 1128100 comrnsde of amlox 65 mL 7AP-CGZB + 40 mL 7AP-W-30 ~ ~~~~~~ 

+ 1W mL 7AP.iC-40 (Sei WHCN-i305-1 w. 66-73. LO1 3220099-040) 
TIME POT RCVR. CUM RCVR CUM INCR. POT CONC CUM. % W R  

REFLUX DUMP DUMP READ RCVO RCVD. LEFT FACTOR CONC. 
(mL) ImL) ImL) ImL) ImL) ImL) (mL) FACTOR 

3 0386605555 166 0 0 0 =D3+E3 =E3 =W-G3 =03M3 =B3M3 =1W7J3-l)lJ3 

30 

A-6002-122 (08198) 

Pod Baildow 1r31iOO 8 W6:23 T true = 24.7 C, Clear yellow miution and spprox. 50 v0I.Y. =lids. 
unmnsalldated, white. crystals 1-3mm size, Stlmble and discernible as an ordinary sediment 
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P read Plrue 
(Torr) (Torr) 

8D500-DBB-00-009 
Reissue 

T read 
(c) 

Attachment 2 (continued) 

T INe 
(C) 

1 - 
OBSERVATION ALIOUOTS COMMENT 

DRAWN 

241-AP-107 BOJLDOWN FORMULAE (CONT.) 
L I  M I  N I  0 [ P I  a I R 

> 
3 

I 

I 
3 

3 

=L15-0.2 51 9 =N15'0.980185+0.570778 0 
=L1608 453 =N16*0,980lffi+0570778 , 

hrmped Receiver 
=L17+2.2 365 =N17'0.980185+0 570776 afterthis 

=L18-02 537 =N18'0.980185+0.570776 =5+5 Withdrewlrom this: aboblthesame 
=Lig.o.a 47 a = ~ i ~ * o s a o t f f i + o . ~ 7 0 7 7 6  

Solution  till 

5mLto 17610, 
SWTMo190; 
5mLto 17613, 
SWTM0268 

Solution cloudier; 
notice some paTtiwla1e 
on pot Wall 1L2012.2 39.7 =N20'0.980185+0.570776 

abobl the Same 

As Cornposited minus: 
5mL fa 176% 
swTMo18s; 
5mL to 17607, 

Yellow, 4. doudy from 
mall amt. llocsediment 

I 1L3.0.2 49.5 =N3'0.98018CL" C7"h" 

3 =L4-0.8 43.1 =NC0.98018-. l..lw.l 

3 =L5+2.2 35.3 =NS0.980185+0.570775 
3 -50.1 =N6096016- ^--^--^ 

I =L7-06 44.1 =N7*0.98018 
2 =L8+2 2 35.9 =N8'0.96018 
I =L9-0.2 50.6 =N9'0.980185+0.570776 
3 =L10-0.8 445 =N10'0.9801^- ------ 
2 =L11+22 367 =N11'0.9801 
I iL12-0.2 51 1 =N1?0.9801 
3 =L1 3-0.8 44.6 =N 13'0,9801 85+0.57( 
I rL14r2.2 37.4 ~N14'0.960185+057UlfQ I I I 

Solution dill 
abobl the Same 

P 
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FLUOR DANIEL HANFORD, INC. 
I N T E R O F F I C E  C O R R E S P O N D E N C E  

To: E. Q. Le 
8D500-DBB-00-014 

S6-72 Date: March 21, 2000 

From: D. B. Bechtold p J d q T 6 - 0 7  

cc: K. E. Bell 
M. D. Guthrie 
D. L. Herting 9 
L. L. Lockrem 7- 
K. I. Lueck 
D. M. Nguyen 
J. H. Rasmussen 
D. K. Smith 
DBB FilelLB 

T6-12 
S6-74 
T6-07 
T6-07 
S6-72 
R2-12 
R2-12 
S6-71 
T6-07 

Telephone: 373-2162 

Subject: 241-AP-107 AND 241-AI'-108 LIQUID COMPOSITES MIXING STUDY AND 
241-AP-108 COMPOSITE BOILDOWN STUDY 

References: (1) WHC-N-1305-1, March 2000, Controlled Laboratory Notebook, pgs. 86-99, 
Fluor Hanford, Richland Washington. 

Internal Memo, 3M000-00-EQL-010, E. Q. Lee to D. B. Bechtold, "Letter of 
Instruction 01-242-A Evaporator Campaign 2000-1 Tank 108-AI' Boildown 
Studies," December 9, 1999. 

LT-519-183, "Determination of Boiling Pressures and Temperatures As A 
Function of % WVR (Boildown)," Revision A-I, dated July 7, 1999. 

(2) 

(3) 

INTRODUCTION 

This memo reports the results of a compositing and mixing study of liquids taken from tanks 
241-AP-107 and 241-A€'-108, followed by a boildown study ofthe 241-AP-108 composite as 
instructed in Reference (2). Liquid from that tank is destined to be fed to the 242-A Evaporator 
for concentration. A boildown is a distillation at customer-specified pressures to a customer- 
specified degree of volume reduction (called % Waste Volume Reduction or %WVR),The 
method used for the boildown is detailed in Reference (3), and the data taken during the study 
was recorded in Reference (1). 

J II 
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EXPERIMENTAL. 

Calibrations 

The temperature readout for the boildown apparatus was a NIST-traceable K-type thermocouple 
reader. The thermocouple and thermocouple reader were calibrated by comparing readings with 
a NIST-traceable thermometer in a stirred pot of water heated from ambient to normal boiling, 
The resulting calibration curve provided temperature corrections of less than 1/2 OC in all cases. 
The pressure reader/controller was calibrated by boiling pure water in the apparatus at the three 
pressures of interest indicated in Reference (2), and comparing pressure indication with the true 
vapor pressure ofwater found in standard tables at the (calibrated) temperature reading. The 
three corrections to indicated pressure so derived were -1.2, -0.1 and +1.2 Torr., at 80, 60, and 40 
Torr., respectively. They were subsequently used to provide true pressure readings. 

Mixing Studies 

The tank 241-AP-107 liquid samples 7AP-00-1,7AP-00-3C and 7AP-00-4C were mixed 
together to make a composite. They consisted ofthree 125-mL bottles, each 5/8 to 3/4 full of 
clear, yellow liquid. The resulting composite gave no indication of reaction whatever, evolving 
no gas or precipitate or color change. 

The tank 241-AP-108 liquid samples 8AP-00-1D, 8AP-00-2D and 8AP-00-3D were also mixed 
to form another composite. These 125-mL bottles were each completely full. The resulting 
composite also remained, like its constituents, a clear yellow solution giving no indication of any 
reaction. 

Subsequently, approximately 50 mL each ofthe two composites were mixed together to begin 
the desired mixing study. The result was once again no indication of any reaction; merely the 
same clear yellow solution. This mixing study composite was then put aside and not used 
further. 

Boildown 

The apparatus had previously been saturated with water condensate in the distillation head to 
minimize holdup error. One 6-mL aliquot of the 241-AP-108 composite was drawn and placed 
in vial 17887 for analysis oftotal carbon, (TC), total inorganic carbon (TIC), and specific gravity 
(SPG). Then a 208-mL portion of the AP-108 composite was used for the boildown. Boilgown 

Ad002-122 (08/98) 
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measurements where made at approximately 10% WVR intervals and at approximately 80, 60 
and 40 Torr. 

At 40.9 % WVR, a break occurred in the apparatus as the receiver was being emptied, 
whereupon it was decided to take an aliquot of the pot before attempting to proceed. One 6-mL. 
aliquot was drawn from the pot into vial 17891 for analysis of total carbon, (TC), total inorganic 
carbon (TIC), and specific gravity (SPG) analysis. 

Luckily the break occurred at a place were the boildown could proceed, albeit by making batch 
collections of condensate by temporarily relieving vacuum. The boildown then continued to 
51.0%, whereupon another 6-mL aliquot was drawn from the pot and placed in vial 17879 for 
TC, TIC and SPG analysis. Continuing on, cloudiness became apparent in the pot at 59.3% 
WVR, and at 62.0% WVR gross solids precipitated by the temperature drop when the pressure 
was lowered to 59 Torr. The boildown study took slightly less than 6 hours. 

A post-boildown examination and an approximate bulk density determination were conducted 
the next morning. 

RESULTS 

The mixing study produced no indication ofreaction when the separate liquid composites oftank 
241-AP-107 and 241-AP-108 were mixed together. For that matter, neither did the separate 
compositing activities themselves. No solids or cloudiness were observed as a result of the 
mixing activites. 

The 241-AP-108 composite boildown study results and the calculational formulae used to derive 
them are attached. Figure 1 below displays the boildown curves, as well as some notations of 
observations and lab results: 

A-6002-122 (08/98) 
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AP-108 CCMPOSITE BOILDOWN 3/8/00 

1 7 SUDDEN S O L I D S  

The boildown solution began as a clear, yellow liquid. As distillation progressed, the pot 
contents remained this way and boiled in a well-behaved, low-foaming manner until it was 
noticed at 59.3%WVR and 58 Torr that the pot had become cloudier. Finally, at 62.0 %WVK 
and 59 Torr, significant amounts ofwhite solids appeared in the pot, whereupon the boildown 
was terminated. The next morning's cooled, settled pot contents consisted ofthe now clear 
yellow solution, plus approximately 75% of white solids. Upon stirring and swirling, the solids 
mass proved entirely unconsolidated and dispersible as ordinary sediment. 

The pot contents were stirred and 45 d were pipetted into a tared, graduated cone and allowed 
to settle 1/2 hour. This resulted in 35 mL of settled solids. Gross weighing the entire 45-mL 
produced an estimated bulk slurry sp.g. of 1.46 g/mL, for 35/45 = 78% bulk solids. An attempt 
to better define the bulk solids sp.g. was made by pipettingJoff the 10 mL of free liquid and re- 

A4002122 (08/98) 
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weighing the cone. The result: 1.43 g / d ,  was less dense than the previous result --impossible 
for solids that won't float. Finally, the difference in gross weights between the 45 mL of slurry 
and the 35 mL of solids produced an estimated sp.g. of 1.54 g/mL for the saturated liquid at 62% 
WVR. These disparities most likely indicate the crudeness of the determinations. 

The laboratory results for the pot aliquots are attached. They are also summarized in the 
following table: 

DISCUSSION 

The boildown curves indicate an expected elevation in boiling point when compared with the 
boiling point of pure water at comparable pressures. Aliquots were actually taken at 40.9%WVR 
and 5 1.0% WVR and not at the desired 6 0 % W  for two reasons: 

The lab data appear to be generally consistent with the boildown progress, as shown by Figure 2 
below. The TC, TIC and TOC are all approximately linear with concentration factor and pass 
reasonably close to the origin, implying that TOC is not being volatized or destroyed by the 
boildown process. 

The sp.g. data is consistent with the simple additive-volume model for pure water removal: 

The first aliquot was taken at the time of equipment breakage in case the boildown could not 
proceed as a result 
Solids appeared before a final aliquot could be taken. 

P =(Po -P,)cf+P, 

where p is the current solution density, po is the density at the start ofthe boildown (equal to 
1.2023 g/mL by fitting), pw is the density ofthepure water being removed (equal to 0.997 
g/mL), and cf is the concentration factor. The line of this equation was fitted to the sp.g. data 

A-6002-122 (OSi98) 
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and is displayed in Figure 2. The sp.g. fit by this model interpolates to the target value of 1.41 
g/mL at cf = 2.012, or 50.3%WVR. 

The bulk sp.g. measurements of pot contents containing solids have obviously failed. Though 
the 0% solids value representing clear liquid that is displayed in Figure 2 is possible, the 
subsequent values at ever increasing bulk solids percentages are not, because the solids were 
seen to reside at the bottom of the measuring cone. Possible explanations include some 
combination of misread tare weight or misread volumes. 

AP-108 B O I L W W  LAB DATA 

conc. Factor = lOO/(lOO-%WR) 

NOTE: Bulk S ~ G ' S  are pa ten t l y  un re l i ab le  

Figure 2 

A-6002-122 (08198) 
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CONCLUSIONS 

The samples of 241-A€'-107 and 241-A€'-108 liquids individually represent uniform 
compositions within each tank. 

The mixing together of 241-AP-107 and 241-AP-108 composites does not result in any 
noticeable reaction. 

,The 241-A€'-108 composite boiled down in a well-behaved manner. Foaming was slight. A 
sp.g. of 1.41 g/mL should be reached at approximately SO%=. 

If solids are formed in the 242-A evaporator when the 241-A€'-108 tank liquid is evaporated, 
they should be easily re-dispersed. 

If you have any fbrther questions or need for clarification, feel free to contact me at 373-2162. 

fjh 

Attachments (3) 
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26 
27 
28 
29 

Attachment 1 

91 0 85 35.5 120.5 15.5 75.5 1.2053 2.4585 59.3 
14:49 75.5 0 85 40.5 125.5 5 70.5 1.0709 2.6328 62.0 

70.5 0 85 40.5 125.5 0 70.5 1 . O w O  2.6328 62.0 
70.5 0 85 40.5 125.5 0 70.5 1.oooO 2.6328 62.0 

8D500-DBB-00-014 

cl 

Post Boildown 3/9/00 08:57 T true = 27.6 C. Pot Solids 1/4 clear, 314 white solids, easily 
dispersed asunconsolidated slurry. Bulk Denisty 1.458 g/mL on 45 mL in cone, 

30 1.433g/mL on 35 mL solidsonly. Calc 70.5-45 mL slurry left in pot put in suspect PCB waste. 
31 ost Boildown 3/13/00 09:02. Bulk solids in cone used to del. bulk density have now senled to 15 In 

A.6002-122 (08198) 
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21 
22 
23 
24 

Attachment 1 (continued) 

6 sarnple#SWTW0577 740 
81 79.8 56.3 55.85 0 
59 58.9 49.6 49.3 0 
38 39.2 41.5 41.39 0 

vial 11 17879 

osite -AP-lOBl" 

w Collect in coo , 

25 6ISarnple # SWTW0576 I 
26 
27 
28 
29 

58 57.9 53 52.63 0 PO1 cloudy 
79 77.8 61.5 6o.n 0 Pot Cloudy 
59 58.9 55.4 54.97 0 
40 41.2 47.1 46.86 0 Finished Let Cool 

Sudden Solids 

301 I I I I I I 
31 I 
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P a  M16W m 08.57 T Vue = 27.6 c. Po( W i  114 dear. 3 4  Wts sdia d l y  
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Attachment 2 (cont.) 

241-AP-108 BOILDOWN FORMULAE (CONT.) 

I L I  M I  N I  0 I P I  0 I R 
I I I I I I 
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DON'T SAY IT - Write If! DATE: March 15,2000 

TO: Elvis Q. Le FROM: Mark W. Bowman S6-72 
cc: Telephone: 373-9379 

SUBJECT: TC MINUS TIC ANALYSIS FOR TANK 241-AP-107 

The sample analyses for candidate feed tank 241-AP-107 give a Total Carbon minus Total Inorganic 
Carbon (TC - TIC) of 740 mg/L, which is greater than the target of 98 mg/L' in 242-A Evaporator Waste 
Analysis Plan (WAP, HNF-SD-WM-EV-060) for organic emissions. The WAP states that ifthe limit is 
exceeded, "a more detailed evaluation will be conducted to determine organic emissions out of the vessel 
vent." The 242-A Evaporator/LERFData Quality Objectives (HNF-SD-WM-DQO-014) further says, 
"perform further technical evaluation (e.g., review GC data) to determine if a particular volatile or semi- 
volatile organic analyte is not accounted for." 

The value of 98 mg/L is based on the vessel vent organic emission limit for acetone. Acetone was chosen 
because it is volatile and typically found in the DST waste. Most compounds are less volatile than 
acetone. Therefore, exceeding the limit of 98 mg/L does not mean the stack organic emissions will be 
exceeded 

. 

The process for evaluating organics emissions consists of assessing organic species that are tentatively 
identified and determining if the species could be volatile and if existing equilibrium data could be used 
to calculate the species emission rate. 

In addition to exceeding the TC - TIC target for organic emissions, the value of 740 mg/L also exceeded 
the target of 694 mg/L2 in the WAP for organic transfer to LERF. As discussed above, the target value is 
based on acetone and exceeding the value does not mean LERF liner integrity will be compromised. 
Further evaluation is required to determine if a particular volatile or semi-volatile organic species may 
exceed LERF liner compatibility limits. 

Volatile Organic Analysis (VOA) of 102-AW 

The sample results for 107-AP are given in 241-AP-107, Analysis for rhe FinalReport (HNF-1689). 
None of the three tank samples showed the presence of the VOA target compounds: acetone, 1-butanol 
and 2-butanone. The detection limit for these compounds is 2 mg/L. No Tentatively Identified 
Compounds (TICS) were identified in the VOA analysis. Quality assurance checks of the VOA analysis 
show excellent precision and accuracy. These results indicates the amount of volatile organic are present 
in the waste is undetectable and will not contribute to organic emissions. 

Semi-Volatile Organic Analysis (SVOA) 

None of the three 107-AP samples showed the presence of the SVOA target compounds: tri-butyl 
phosphate and 2-butoxyethanol. The detection limit for these compounds is 20 mg/L. Quality assurance 

'This limit is based on WAP, Table 2 "Vessel Vent Organic Discharge" limit of 174.4 mg/L multiplied by 
(R-l)/R, assuming R = 2.27 for Campaign 00-1. 

2This limit is based on WAP, Table 3 "LE& Liner Compatibility" limit of 1240 mg/L multiplied by 
(R-l)/R, assuming R = 2.27 for Campaign 00-1. 

A-3000-723 (01/98) 
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checks provided mixed results. Accuracy and precision of samples spiked with target compounds were 
acceptable; however, the recovery of surrogate compounds phenol, 2-fluorophenol, and 2-4-6 
tribromophenol were reported as 0. The data report (HNF-1689) states that the surrogates "were lost to 
nitration." Acification of the sample for preservation caused tlie surrogates to decompose to nitrophenols 
which show up as TICS i n  the analysis. The decomposition was likely due to tlie excessive holding times 
(163 to 167 days). These TICS include 2-nitroplienol, 2-fluoro-6-nitroplieno1, and 2-fluor-4-nitrophenol. 
These TICs are only present i n  tlie sample and will not be included i n  calculating organic emissions. 

Organic Emission Evaluation 

A number of TICs were reported with tlie SVOA procedure; however, no specific compounds were 
identified. Without identification, it is necessary to look at other information, such as retention times in 
the gas chromatograph, compounds seen in previous campaigns, and estimated organic materials in the 
waste. The retention times show the following: 

Concentration of 
Retention Times unknown species 
3.64 - 4.79 70 mg/L 
4.80 - 5.14 37 mgiL 
5.15 - 5.56 53 inglL 
5.57 - 6.49 10 mglL 
6.50 - 6.55 I4 mdL 
Total 184 mg/L 

Sample results for Campaign 97-1 (Final Characterization andSajefy Screen Report of Double-SheN 
Tank 231-AP-10.7 for  Evaporator Campaign 97-1, HNF-SD- WM-DP-202) showed the presence of 
propanoic acid (RT of about 4.7) and butanoic acid (RT of about 6.6). Compounds such as propanoic and 
butanoic acid could be anticipated to result from decomposition of organic solvents typically found in 
Hanford waste (methyl ethyl ketone and tri-butyl phosphate) i n  a basic solution. The organic material 
present is not necessarily propanoic and butanoic acid, but we can assume that the organic species present 
would have similar volatility, From the THOMESO internet database (w\~~.tlioiiiescps.coni~, propanoic 
acid has a vapor pressure of 3.3 minHg at 25OC. There are no partition fractions previously determined 
for propanoic acid; however, partition fractions for butanol could be used because it has similar 
composition (Le., the presence of OH groups) and a higher vapor pressure (1 8.3 rnmHg at 25°C). 
Assuming all the organic species with retention times less than 5.57 can be treated as butanol for 
determining emissions (a total of 160 mg/L); the emission is 0.42 kglhr. 

From the THOMESO internet database, butanoic acid has a vapor pressure of 0.43 mmHg at 25°C. 
Partitions fractions for butoxyethanol could be used for butanoic acid because it has a similar vapor 
pressure (0.88 mmHg at 25°C) and composition. Assuming all the organic species with retention times 
greater than or equal to 5.57 can be treated as butosyethanol for determining emissions (a total of 
24 mg/L), tlie emission is 0.15 kgihr. Total emission rate is estimated to he 0.57 kg/hr (see attached 
spreadsheet), which is less than tlie RCRA limit of 1.4 kgihr. 

LERF Liner Compatibility Evaluation 

The LERF liner compability limits i n  Table 3 of the WAP breaks down the limit by tlie type of 
constituent. The potential limits of concerii are: 

Chemical fAmilies 
Alcohols/glycols 280,000 mg/L 

Limit for Campaien 00- I (R -2.27) 

A-3000-723 (01198) 



Chemical families 
Alkanoiies 
Alkenones 
Aromatic hydrocarbons 
Halogenated hydrocarb 
Aliphatic hdrocarbon 
Ethers 
Misc. hydrocarbons 
Oxidizers 
Acids, bases and salts 

Source 
Heel 

102-SY 

102-SY 

Flush water 

Limit for Campaign 00-1 (R = 2.271 
112.000 me/L 

Percent of 
107-AP Volume Type of Waste Material 

2 YO 107-AP heel 

17 % 

75 YO 

6 %  Cross-site transfer line flush 

Waste added to 102-SY before Sept 1995 (saltwell 
liquor and generator waste) 
Saltwell liquor added to 102-SY after Sept 1995 

1120mg/L 
1 I20 mg/L 
1120 mg/L 

280,000 mg/L 
1120 mg/L 
1 120 mgiL 
560 mg/L 

56,000 mg/L 

The majority of waste material is saltwell liquor removed from single-shell tanks in the 200W Area and 
transferred to 102-SY. Saltwell liquor is supernate from nuclear fuel reprocessing waste that has 
concentrated and solidified. Information on 102-SY tank contents can be found i n  Supporting Document 
for  the Historical Tank Content Estimatefor SY Tank Farm, HNF-SD-WM-ER-3 19. 102-SY is estimated 
to have significant amount of salts of organic acids, including glycolate, acetate and oxalate, none of 
which are volatile in salt form. Based on sample results in HNF-1689, the average oxalate analysis is 
270 mg/L. This combined with tlie 184 mg/L organic identified as TICS in the SVOA results, gives about 
450 mg/L organic in tlie waste. This leaves about 740 - 450 = 290 mglL of organic material in the which 
is not accounted for. A review of 102-SY sample results show that oxalate concentrations were reported 
as high as 580 mgiL (TWINS Database, Sample 2SY96-03). Tlie glycolate may also account for a 
substantial amount of the organic, since the historical tank content document estimates it is present in 
higher concentrations than oxalate. 

In conclusion, the waste to be processed i n  Campaign 99-1 includes semi-volatile organics, with an 
estilnated emission rate of 0.57 kgihr. This is less than the regulatory limit of 1.4 kg/hr in 40 CFR 264, 
Subpart AA. 
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Profile Identification # Evap-00-02 

Approval Date:* 

WASTE STREAM PROFILE SHEET 

Follow attached instructions when filling out this waste stream profile sheet. 

I. WASTE SHIPPER INFORMATION 

1. 

2. Contact: E. 0. Le 

3. Phone: 373-4214 4. ' Mail stop: s6-72 

DST customer (waste shipper/generator): 242-A Evauorator 

11. GENERAL WASTE INFORMATION 

1. 

2. 

3. 

4. 

5. 

6. 

DST customer: 242-A Evaporator 

Waste stream name: Camuaien 2000-1 Evaporator Slurry 

Process generating waste: Wastes from tanks 102-AW (orieinal from 107-AP 
waste tank) and 108-AP will be concentrated and slurry oroduct will be sent 
back to tanks 102-AW and 106-AW. Evaporator Campaign 2000-1 will process 
all the wastes until the 102-AW liouid level reaches 16 inches. Auuroximately 
594.000 eallons of slurrv will be transferred to tank 106-AW with 500 gallons 
of flush water. Approximatelv 5.500 gallons of slurry product and 27.500 
gallons of vessel flushing water will be transferred back to tank 102-AW. 

Anticipated volume including any flush water: As mention above in line 3, 
594.000 gallons of slurrv product will be transferred to 106-AW with 500 
gallons of flush water. 5.500 gallons of slurrv oroduct and 27.500 eallons of 
flush water to tank 102-AW Tank. 

Anticipated transfer frequency: Continuous during the campaign. 

Method of transfer (railcar, truck, pipeline): Pipeline 

d 
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Profile Identification # Evap-00-02 

7. Were analytical data used to fill out this profile sheet? 

Yes 0 No 

If yes, cite document used as the basis for sampling and analysis (i.e., waste analysis plan 
and/or sampling analysis plan) and attach a complete copy of the latest results. 

241-AP-107, Analytical Results for the Final Report, HNF--1689, Rev. OA. 

241-AP-108, Analytical Results for the Final Report, HNF-I 694, Rev. 0. 

8. 

9. 

10. 

11. 

12. 

13. 

Does the waste stream contain waste that was not generated as part of Hanford's 
Cleanup? 

O Y e s  No 

Is the waste subject to the Toxic Substance Control Act? D y e s  a No 

Is the waste subject to any disposal requirements other than those mandated under the 

Resource Conservation and Recovery Act? 0 Yes No 

If yes, identify those requirements - - - - 

At the point of origination, does the waste contain 10% or more organics? 
0 Yes BNO 
Does the waste qualify for the exemption for mixed waste listed in 40 C.F.R. 264.1080 
(b)(6)? Yes No 

Does waste contain any material that was generated by a spill? Yes No 

B - 3  
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Organics, 
radionuclides, and 

inorganics 

111. WASTE STREAM COMPOSITION 

List all constituents that are greater than 1,000 mgikg. 

5 %  to 50% 48 % 

Water I 50% to75% I 52 % I AnalysidPK I I 
Analysis/PK 

to 

IV. PHYSICAL PROPERTIES 

1. Physical state at 70°F (identify all applicable) 

Liquid Semisolid 0 Solid 
Slurry 0 Sludge 0 Gas 0 

d 

2. Viscosity at 70"F(degree) < 0.01 kg/m*s 0 >0.01 kg/m*s 

3. Is waste multi-layered? 0 Yes No 

If yes, describe and quantify each layer: 

a. (Top) _ _ _ _ _  % 

% b. _ _ _ - -  

C. (Bottom) - - - - % 

d. 

e. 

f. Color: Clear to Yellow 

Suspended solids: < 1% 0 between 1% and lO%O > 10% 

Flash point: > 200 "FC] between 100 and 200 OF 0 < 100 "F 

B - 4  
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Profile Identification # Evap-00-02 

4 Does the waste contain polychlorinated biphenyls (PCB) Yes No 

If so what is the concentration range Maximum Minimum 

5. Does the waste contain organics Yes 0 No 

If yes what is the range of the organics 3.0 Maximum 1.1 Minimum. (Units g/l) 

Parameter 

Ammonia (grams/liter) 

Chloride (only for waste going to 204AR) 
(moledliter) 

V. SPECIFIC ANALYSIS OF WASTE 

Fill in the following chart givhg maximum, minimum, or averages for each specific analyte. Also state whether 
this information is based on process howledge or actual analytical data. 

Minimum Maximum Average 

1.00E-01 2.00E-01 1.82E-0 1 

N/A N/A NIA 

Energetics (net exotherm or no net exorhem) 

Hydroxide (moles/liter) 

Moisture (volume % water) 

No net No net No net 
exotherm exotherm exotherm 

3.57E-01 2.00E+00 1.42E+00 

50 % 75 % 52 % 

Nitrate (moles/liter) 

Nitrite (moles/liter) 

Organics, separable (visible or not visible) 

See note below for 108-AP samples. 

PH (PH units) 

8.49E-01 4.00E+00 3.38E+OO 

3.56E-01 2.00E+00 1.42E+00 

No visible No visible No visible 
layer layer layer 

12 14 13.4 

Sodium (gms/liter) 

Sodium Hydroxide (grams/litcr) 

Basis 

AnalysislPK 

AnalysidPK 

4.60E+ 0 1 2.07E + 02 1.83E + 02 

0 0 0 

AnalysislPK I 

~ 

Specific gravity 1 .o 1.41 

Total Organic Carbon (grams/liter) 1.1 3.0 

Americium-24 1 (curies/liter) <5.17E-08 < 3.00E-07 

Cesium-137 (curies/Iiter) 4.88E-02 2 .5501 

2 3 9 ’ 2 4 0 ~ ~  (curieslliter) < 8.07E-08 < 4.OE-07 

PK I 
1.41 

2.2 

< 2.06E-07 

1.94E-01 

< 3.21E-07 

Analysis1 
Analysis1 
I 
AnalysidPK I 

Analysis/PK 1 

B - 5  
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Profile Identification # Evap-00-02 

~ 

F003 

F004 

Receipt of waste with this code 

Receipt of waste with this code 

VII. DANGEROUS WASTE INFORMATION 

~ ~ 

DO02 

DO07 

Receipt of waste with this code 

Receipt of waste with this code 

1. Is this waste a dangerous waste as defined by WAC 173-303? 

FOO 1 

F002 

Yes 0 NO 

10 

10 

2. If it is a dangerous waste, list the applicable Hazardous and/or Dangerous Waste 
number+) and explain the basis for the number. For example if you assign 
D001 ,  the reason for selection is that the flash point is less than 140 "F. 

F003 

F004 

i I FOOl I Receipt of waste with this code 

100 

100 

i I F002 I Receipt of waste with this code 

DO02 100 

1 I F005 I Receipt of waste with this code 

DO07 10 

3. Is waste a mixed waste? Yes 0 No 

4. List any reportable quantities listed in 40 CFR 302.4 that are applicable to the 

I F005 I100 1 

B - 7  
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Parameter 1 Minimum 1 Maximum 1 Average 1 Basis 

Strontium 90 (curiesiliter) 

233’235 Uranium (grams/liter)* 

7.91E-05 2.5E-04 1.96E-04 AnalysislPK 

6.45 E-03 3.OE-02 2.57E-02 Anal ys is/PK 

1 ~itriurn-90 (curies/liter) I 7.91E-05 1 2.5E-04 1 1.96E-04 1 AnalysidPK 1 
Neutron Absorbers (required if Pu equivalent 
- > 0.001g/L) 
Absorbers = chromium, iron. manganese, nickel, 
aluminum, and zirconium 

N/A N/A N/A AnalysislPK 
Pu<O.Oolg/l Pu<O.Oolg/l Pu<O.Oolg/l 

Note: No separable organic layer was present in 107-AP surface sample. No surface sample was taken 108-AP tank because 
.the Evaporator DQO allows the surface sampling to LE waived if a previous surface sample was taken. No separable organic 
layer was reponed in rhe 24I-AP-IO8, Seplember I999 CompfibiIiQ’ Gmb s q I e ,  Analyl id  ResuIlsfor the Finnl Repf l ,  
“F-1688. One of 12 subsurface samples from tank 108-AP (Sample #8AP-O@lA) has a tiny speck of floating oil that 
appears to be motor oil. Since this sample was collected a1 approximately middle of upper half of the tank liquid and one of 
other supernate samples contains any speck of oil, the sample 8AP-W-1A was conridered to be contaminated during sampling 
There is no indication of an organic layer in the 108-AP tank 

For DSTs, SSTs, and the 242-A Evaporator. total U may be used instead of uranium specification 

VI. REACTIVITY AND STABILITY 

1. What are the Reactivity Group’ number(s) for this waste? 

10 and 106 

2. Is this material stable? Yes 0 No 

If no, explain: _ _ _ _ _  

3. Is this material shock sensitive? [7 Yes No 

If yes, explain: _ _ _ _ _  

1. From EPA, 1984, Design and Development of Hazardous Waste Reactivity Testing 
Protocol, EPA-600/2-84-057, U. S. Environmental Protection Agency, Washington D.C. 
Alternatively the categories specified in 40 CFR 265 appendix V may be specified. 
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Non-wastewater 

VIII. LAND DISPOSAL RESTRICTION INFORMATION 

Fill in the following information pertaining to all applicable Land Disposal Restrictions (LDR) 
(See 40 CFR 268.40' and WAC 173-303-1402). For certain waste designated as D001, D002, 
and/or D0012-D043, also indicate any underlying hazardous constituents which do not meet 
LDR requirements (see 40 CFR 268.7'). 

5.0 mg/L 

FOOl 

F002 

F003 

F004 

F005 

DO02 

DO07 

l , l ,  1-Trichloroethane 

Acetone 

Methylene Chloride 

Methyl Isobutyl Ketone 

Methyl Ethyl Ketone 
o-Cresol & p-Cresol 

Corrosivity 

Chromium 

Non-wastewater I 6 ppb 

Non-wastewater I 160 ppb 

Non-wastewater I30 ppb 

Non-wastewater I33 ppb 

5.6 ppb 
Non-was tewater 

Non-wastewater I DEACT & 268.48 

1. 40 CFR 268, "Land Disposal Restrictions," Code of Federal Regulations, as amended. 

2. WAC 173-303, "Dangerous Waste Regulations," Washington Admiistrative Code, as amended. 

B - 8  
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Profile Identification # Evap-00-02 

IX. SUPPLEMENTAL INFORMATION AND ACCOUNTABILITY STATEMENT 

1. Is there an attachment containing additional information? 

[7 Yes No (list below) 

2. I hereby certify that to the best of my knowledge all information submitted in 
this and all attached documents contain true and accurate descriptions of this 
waste. Any sample that was analyzed or submitted was representative as 
defined in 40 CFR 261 Appendix I' or by using an equivalent method. All 
relevant information regarding known or suspected hazards in the possession of 
the DST customer and generator has been disclosed. 

h 
A o r i z e d  signature 

Elvis 0. Le, LWPF Engineer 
Name and title 

- 4 / d m  
Date 

Roeer W. Szelrneczka. LWPF ECO 
Name and title 

d 
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Parameters for Operational Decisions For 
Transfer from Evaporator Campaign 2000-1 Slurry Product 

to tanks 102-AW and 106-AW 

Fill in the following chart giving maximum, minimum, and averages for each specific analyte. Also, state 
whether this information is based on process knowledge (PK) or actual analytical data (A). This 
information supplements the information on the Waste Stream Profile Sheet, and may duplicate some 
parameters which are required by the DST Waste Analysis Plan. 

PARAMETER MINIMUM 
(specify units) 

Aluminum - A1 (a) 5.20E+00 

MAXIMUM AVERAGE BASIS 
(Process KnowIedge 

or Analysis) 

2.50+01 2.10E+01 AnalysisPK 

Americium- Amz4’ ( C a )  . I <5.17E-08 I < 3.00E-07 I < 2.06E-07 I AnalysisPK 

Cadmium - Cd ( g ~ )  

Calcium - Ca (a) 

Cesium- CS”’ (ca) 

Barium - Ba (a) I NA I NA I NA I NA 

NA NA NA NA 

NA NA NA NA 

4.88E-02 2.5OE-01 1.94E-01 AnalysisPK 

(CiL) 
15411 55 Europium-Eu 

Flouride - F (a) 

Chloride-Cl(&)) I NA I NA I NA I N A  

< 2.89E-05 < 2.00E-04 < 1.15E-04 AnalysidPK 

4.25E-01 2.00E+01 1.69E+O 1 AnalysisPK 

Chromium- Cr(&) I 5.OOE-01 I 2.OOE+OO I 1.60E+00 I AnalysisPK 

Mercury - Hg (a) 

Nickel - Ni (&) 

Cobalt- Co60 pin) I < 1.04E-06 I < 5.OOE-06 I <4.13E-06 I AnalysisPK 

NA NA NA NA 

<4.02E-03 <1 .OOE+02 < 8.0SE-03 AnalysisPK 

Nitrite - NO2 (&) 

Phsphate- PO4 (a) 

Iron - Fe (&) I <1.01E-02 I <3.OE-02 I <2.0SE-02 I AnalysisPK 

1.64E+O 1 9.20E+01 6.53E+01 AnalysisPK 

2.10E+00 9.50E+00 8.36E+00 AnalysisPK 

I NA Lead - Pb (a) I NA I NA 1 NA 

Nitrate - NO3 (a) I 5.26E+01 I 2.48E+02 I 2.10E+02 I AnalysisPK 

B-10 
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PARAMETER MINIMUM MAXIMUM 
(specify units) 

Plutonium- Puz39’?a0 (c&) <8.07E-08 < 4.00E-07 

AVERAGE BASIS 
process Knowledge 

or Analysis) 

< 3.21E-07 AnalysislPK 

Potassium - K (a) 

Sodium - Na (a) 

Sulphate - SO4 (pn) 

NA NA NA NA 

4.6E+01 2.07E+02 1.83E+02 AnalysidPK 

1.28E+00 6.00EtOO 5.12Et00 AnalysisPK 

TIC- Total Inorganic Carbon 
(a) 
TOC - Tdal Organic Carbon 
(a) 

d 

6.00Et00 4.95E+00 P. K 

3.00E-t-00 2.2OE+OO AnalysisPK 

1,24~+00 
Y 

5 . 5 2 ~ ~ 0 1  

Total alpha (cvz) 

Total Uranium - U (a) 

7.3 8E-07 4.OOE-06 2.94E-03 AnalysisPK 

6.45E-03 3.OOE-02 2.57E-02 AnalysisPK 
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