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EXECUTIVE SUMMARY 

This characterization report summarizes available information on the historical uses and the 

current status of double-shell tank 241-AP-104 and provides the analytical results of the 

January 1996 grab sampling and analysis project. This report supports the requirements of 

the Hanford Federal Facility Agreemem and Consem Order, Milestone M-44-09 

(Ecology et al. 1996). 

Tank 241-AP-104 is one of eight double-shell tanks located in the 200 East Area AP Tank 

Farm at the Hanford Site. The tank was placed in service in July 1986 and received its first 

transfer of dilute noncomplexed waste from the 100 N area in October 1986. The tank 

received dilute phosphate waste from the 100 N area during the first quarter of 1987. Waste 

additions continued until the third quarter of 1987, at which time the tank was almost full. 

The tank was emptied of all but 84 kL (22 kgal) in the second quarter of 1988 and was 

largely inactive except for the receipt of a small amount of waste from two unknown sources. 

The tank was refilled to a volume of 4,258 kL (1,124 kgal) with dilute noncomplexed waste 

in a series of transfers and additions. Subsequently, it was emptied of all but 101 kL 

(27 kgal) by the 242-A Evaporator Campaign 96-1 completed in May 1996. 

Table ES-1 describes the current status of tank"241-AP-104. The tank has an operating 

capacity of 4,390 kL (1,160 kgal). At the time of sampling, the tank contained 4,258 kL 

(1,124 kgal) of supernatant. This is based on the level measurement of 10.39 m (34 ft) 

ES-1 



WHC-SD-W-ER-596 Rev. 0 

Table ES-I. Description and Status of Tank 241-AP-104. 

SAMPLING DATES 
Grab samples and tank headmace flammabilitv JUIUW 18 - 23. 1996 

TANK DESCRIPTION 1 
Type Double-shell 

Constructed 1983 to 1986 

In service July 1986 

Diameter 23 m (75 ft) 

Operating depth 10.7 m (35.2 ft) 

Capacity 4,390 kL (1,160 kgal) 

I Bo= shape. Flat I 
I Ventilation Active I 

t TANK STATUS (.July 1, 1996) 

I Waste classification Dilute noncomplexed I 
I  TO^ waste volume 101 kL (27 kgal) I 
Sludge volume 0.00 

Drainable interstitial liquid volume 0.00 

Supernatant volume 101 kL (27 kgal) 

1 Waste surface level (July 1996) 25 cm (9.7 in.) 1 
Watch List status 

Waste surface level (1988 to present) 

Temperature (July 1989 to July 1996) 

Non-Watch List tank 

Active tank 

7.7 "C (46 OF) to 21.2 "C (70.2 OF) 

I Integrity Sound I 

I Waste Volume 4,258 kL (1,125 kgal) I 

1 ~n Service 1986 to present I 

Es-2 
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from the Surveillance Analysis Computer System database). After sampling was completed 

in January 1996 the waste was processed through the 242-A Evaporator and stored in 

evaporator slurry tank 241-AW-106. As of July 1, 1996 the tank contains 25 cm (9.7 in.) of 

waste which corresponds to 101 kL (27 kgal). 

This report summarizes the collection and analysis of grab samples taken January 18 to 23, 

1996 while the tank was almost full. The sampling event was performed to evaluate the tank 

as a candidate for evaporator feed. The sampling event was designed to satisfy the 

requirements in the Tank Safety Screening Data Quality Objective (Dukelow et al. 1995), the 

Data Quality Objectives for Tank Farms Wmte Compatibility Program (Fowler 1995), and 

the 242-A Evaporator/Liquid Efluent Retention Facility Data Quality Objectives 

(von Bargen 1995). Sampling and analyses were performed in accordance with the Tank 

241-AP-104 Grab Sampling and Analysis Plan (Conner 1996). Thirteen grab samples of tank 

waste were taken from riser (1@30") and riser (1@270"). The risers are widely spaced. 

The purpose of the safety screening data quality objective (DQO) is to verify the nonrWatch 

List status of the tank 241-AP-104 and to identify any unknown safety issues associated with 

the tank. To accomplish this purpose, the safety screening DQO requires the waste samples 

be measured for exothermic chemical energy by differential scanning calorimetry (DSC), 

weight percent water by thermogravimetric analysis UGA), specific gravity, total alpha 

activity by alpha proportional counting, and a visual examination of waste samples for an 

organic layer. The safety screening DQO also requires a determination of the flammability 

of the tank headspace gases. To satisfy this requirement, vapor samples were taken prior to 

Es-3 



WHC-SD-WM-ER-596 Rev. 0 

sampling, and the flammability was measured as a percent of the lower flammability limit 

using a combustible gas meter. 

The waste compatibility DQO governs the acquisition of analytical data while addressing 

issues associated with combining wastes from two or more sources. The waste compatibility 

DQO requires all the same analyses as the safety screening DQO except for total alpha 

analyses. 

The safety screening DQO requires total alpha analysis to assess criticality whereas the 

compatibility DQO only requires 239.24% analysis. The data required by the evaporator 

DQO assist evaporator personnel in the safe and efficient operation of the evaporator. The 

data also enable the evaporator and Liquid Effluent Retention Facility operators to ensure 

that downstream facilities are not damaged and to fulfill all requirements of discharge 

permits. The evaporator DQO required the same analyses as the safety screening DQO as 

well as analyses of selected metals, anions, radionuclides, carbon, and physical properties. 

A boildown test to predict the behavior of the waste during and after concentration by 

evaporation also was performed. 

All waste analyses performed for tank 241-AP-104 exhibited results well within the limits 

imposed by the safety screening DQO. The mean total alpha activity was 3.28E-04 pCi/mL, 

well below the notification limit of 61.5 pCi/mL; the DSC scans showed only endothermic 

reactions; no organic layer was detected; and the weight percent water results were 96.6 

percent by TGA. The flammability of the tank vapor headspace was measured at 0 percent 

Es-4 
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of the lower flammability limit. The analyses performed in accordance with the waste 

compatibility and evaporator DQOs exhibited no results that would preclude waste transfers 

or the concentration of the waste by evaporation. The waste is not transuranic (TRU) or 

complexant; therefore, no segregation for those purposes is required. 

The heat load in the tank produced by radioactive decay was calculated to be 90.5 W 

(309 Btu/hr), well below the 20,500 W (70,000 Btulhr) design specification for the tanks in 

the 241-AP Tank Farm (Harris 1992). The actual heat load is significantly less now that the 

tank is almost empty. 

All quality control results were within the limits specified by the safety and analysis plan 

with the exception of a low standard recovery for *"Np and high-matrix spike recoveries for 

acetone and 1-butanol. The quality control discrepancies should not affect data usability. 

The mean values for major analytes and analytes of interest are provided in Table ES-2. 

A current profile of tank 241-AP-104 is shown in Figure ES-1. 

Samples taken from the tank appeared homogenous; however, analysis indicates the 

concentration of several analytes was significantly greater in samples taken from lower in the 

tank than in samples taken near the surface. This observation indicates that some compounds 

have settled, and there is vertical heterogeneity. 

Es-5 
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Table ES-2. Major Analytes and Analytes of Concern.’ (2 sheets) 

Aluminum 

Chromium 

Sodium 

Uranium 

198 82.4 843 

34.5 52.9 147 

9810 55.2 41,767 

15.8 56.2 67.27 

AMONS/C ATIONS I kg % 

I3’Cs 18,734 
89190Sr 

Total alpha 0.000328 1.40 

Total beta 4.48 15.6 19,074 

0.0663 

< 3.45 E-05 n/a < 0.147 

Ammonia . 
Fluoride 

Hydroxide 

Nitrate 

Nitrite 

Phosphate 

Sulfate 

I I I 

f % I kg, CARBON Icg ClmL 

Total carbon I944 126.8 14,019 

71.6 85.9 305 

494 59.6 2,103 

2620 58.3 11,155 

14800 63.9 63,013 

1820 35.6 7,749 

750 42.4 3,193 

762 38.1 3,244 
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Table Es-2. Major Analytes and Analytes of Concern.' (2 sheets) 

Analyte 
Overall Mean 
Concentration RSF) (Mean) Projected inventory' 

Weight percent water 

Notes: 
'Miller (1996) 

96.6 2.1 --- 

' Based on the waste volume at the time of sampling of 4,258 kL (1,125 kgal) 

Specific gravity 1.02 
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Figure Es-1. Profile of Tank 241-AP-104. 
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1.0 INTRODUCTION 

This tank characterization report provides an overview of double-shell tank 241-AP-104 and 
its waste components. It provides estimated concentrations and inventories for the waste 
constituents based on the latest sampling and analysis activities, background tank information, 
and a brief description of the material condition and process history of the tank. 
Tank 241-AP-104 was grab sampled January 18 to 23, 1996 in accordance with the Tank 
Safety Screening Data Quality Objective (Dukelow et al. 1995), the Data Quality objectives 
for Tank Fanils Warre Compatibility Program (Fowler 1995), and the 242-A 
Evaporaror/Liquid Efluent Retention Facility Data Quality Objectives (Von Bargen 1995). 
The requirements of the three DQOs are integrated in the Tank 241-AP-104 Grab Sampling 
and Analysis Plan (Comer 1996). 

Tank 241-AP-104 began operation in 1986 and received waste from the 100 N Area. It has 
remained active. The tank was selected as a candidate feed tank for the 96-1 Evaporator 
Campaign completed in May 1996. The tank was filled with waste from three other waste 
sources, then sampled to determine whether the waste could be safety processed. The 
analyte concentrations reported in this document reflect the best composition estimates of the 
waste at the time of sampling, based on the available analytical data (Miller 1996). The 
waste was suitable for processing, and the tank was almost emptied to its current state. This 
report supports the requirements of the Hanford Federal Facility Agreemem and Consent 
Order, Milestone M-44-09 (Ecology et al. 1996). 

1.1 PURPOSE 

This report summarizes information about the use and contents of tank 241-AP-104. This 
information is used to assess issues associated with safety, operational, environmental, and 
process activities. This report also provides a reference point for more detailed information 
about tank 241-AP-104. 

1.2 SCOPE 

The 1996 grab sampling event was guided by the requirements of three DQOs: safety 
screening (Dukelow et al. 1995), waste compatibility (Fowler 1995), and Evaporator 
(Von Bargen 1995). The objective of the safety screening DQO was to verify the non-Watch 
List status of the tank and to identify any unknown safety issues associated with the tank. 
The waste compatibility DQO addressed the issues associated with combining wastes from 
two or more sources. The evaporator DQO was concerned with the safe and efficient 
operation of the evaporator facility, the protection of facilities downstream from the 
evaporator, and the fulfillment of the requirements of discharge permits. In addition to the 
grab samples, the tank headspace vapor was analyzed for flammable gases as required by the 
safety screening DQO. 
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2.0 HISTORICAL TANK INFORMATION 

This section describes tank 241-AP-104 based on historical information. It includes 
information on the following: the current condition of the tank, tank design, transfer history, 
the process sources that have contributed to the tank waste, and an estimate of the current 
contents based on the process history. It also describes events that may be related to tank 
safety issues, such as potentially hazardous tank contents or off-normal operating 
temperatures, and it summarizes available surveillance data. Solid and liquid level data are 
used to determine tank integrity (leaks) and to provide clues to internal activity in the solid 
layers of the tank. Temperature data are used to evaluate the heat generating characteristics 
of the waste. 

2.1 TANKSTATUS 

In early January 1996, tank 241-AP-104 contained a measured 3,160 kL (834 kgal) of waste 
classified as dilute noncomplexed (Hanlon 1996). Later that same month, additional waste 
was added bringing the total volume at the time of sampling on January 18 to 23, 1996 to 
4,258 kL (1,128 kgal). This corresponds to a waste elevation of 10.39 m (34 ft) as indicated 
in the Surveillance Analysis Computer System database. The volume of liquids in the tank 
was determined using a combination of automatic and manual level gauge measurements. In 
May 1996, the waste was pumped to the 242-A Evaporator. The waste elevation as of 
July 15, 1996 is 24.64 cm (9.7 in.). For additional surface level information, see 
Section 2.4.1. Table 2-1 shows the amounts of the waste in the tank on January 1 and 14, 
1996 and on May 5 ,  1996. 

Tank 241-AP-104 is actively ventilated and sound; it is not on the Wyden Amendment Watch 
List (Public Law 101-510, Section 3137). All monitoring systems were in compliance with 
documented standards as of February 29, 1996 (Hanlon 1996). 

2.2 TANK DESIGN AND BACKGROUND 

The 241-AP Tank Farm was constructed from 1983 to 1986 in the 200 East Area of the 
Hanford Site. The farm contains eight double-shell tanks. The tanks have a capacity of 
4,390 kL (1,160 kgal), a diameter of 23 m (75 ft), and an operating depth of 10.7 m 
(35.2 ft). Tank 241-AP-104 entered service in July 1986 but did not receive waste until 
October 1986. The -tanks-wtxe desigeed-tokold-boiling waste with a maximum temperature 
of 149 "C (300 OF) (Brevick et al. 1995a). 
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Table 2-1. Calculated Tank Contents.' 

Notes: 
'Dates are given in the d d d i y y  format 

H d o n  (1996) 

'Surveillance Analysis Computer System data. Calculated by total gals = total in. * 2750 gals per in. 

Tank 241-AP-104 was constructed with a primary carbon steel liner (heat-treated and stress- 
relieved), a secondary carbon steel liner (not heat-treated), and a reinforced concrete shell. 
The bottom of the primary liner is 1.3 cm (0.5 in.) thick, the lower portion of the sides is 
1.9 cm (0.75 in.) thick, the upper portion of the sides is 1.3 cm (0.5 in.) thick, and the 
dome liner is 0.95 cm (0.375 in.) thick. The secondary liner is 0.95 cm (0.375 in.) thick. 
The concrete walls are 46 cm (1.5 ft) thick and the dome is 38 cm (1.25 ft) thick. The tank 
has a flat bottom. The bottoms of the primary and secondary liners are separated by an 
insulating concrete layer. There is a grid of drain slots in the insulating concrete layer and 
in the concrete foundation under the secondary steel liner. The function of the grid in the 
concrete between the primary and secondary liners is to allow air circulation for cooling and 
to drain any leaks from the primary tank to leak detectors in the annulus. The function of 
the grid in the foundation is to collect any waste that may leak from the tank and divert it to 
the leak detection well (Leach and Stahl 1993). 

Tank 241-AP-104 has29risers,.rangingin diameterfrom10 cm(4 in.) to 1.1 m (3.5 ft), 
that provide access to the tank; and 42 risers that provide access to the annulus. Table 2-2 
shows numbers, diameters, and descriptions of the risers. (Annular risers are not included.) 
Figure 2-1 shows the riser configuration. Fifteen 10-cm- (4-in.-) diameter risers (15, 21, 24, 
28, and three no. 27s), seven 30-cm- (12-in-.) diameter risers (two no. 7s, two no. lOs, and 
three no. 16s), and add to 4 in. riser no. list (three Is, 2, 14, 22, 25, 26) 
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Table 2-2. Tank 241-AP-104 Risers.'.* (2 sheets) 

Notes: 
'Salazar (1994) 

Tank risers only, aonulus risers excluded. 

Other Sources: Haoford Drawings, H-2-90556, Rev. 4, H-2-90539. Rev. 1 

'Indicates degrees clockwise from north for risers without identification numbers. 
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Figure 2-1. Riser Configuration. 

KEY PLAN 

2-4 



WHC-SD-WM-ER-596 Rev. 0 

two 107 cm (42 in.) diameter risers (two 5s) are available to reach the tank interior. 
Figure 2-2 shows a tank cross section with the approximate waste level as of February 29, 
1996, and a schematic of the tank equipment. 

Trpnsfer souree 

2.3 PROCESS KNOWLEDGE 

Waste Type Received 

2.3.1 Waste Transfer History 

After adding water to tank 241-AP-104 to test its integrity, dilute noncomplexed waste from 
the 100 N Area was received in the fourth quarter of 1986. Tank 241-AP-104 received 
additional dilute noncomplexed waste and dilute phosphate waste from 100 N Area during the 
first quarter of J987. These waste additions continued until the tank was almost filled in the 
third quarter of 1987. 

A waste transfer of 3,970 kL (1,049 kgal) to tank 241-AP-102 almost emptied 
tank 241-AP-104. Two unknown waste additions were made during the fourth quarter of 
1989 and the first quarter of 1992. These transfers are summarized in Table 2-3. No 
additional waste additions or transfers occurred from that time until January 1, 1994. 
Transfers after this date are not included in the historical evaluation. 

1987 100 N Area Supernatant, dilute phosphate waste 
from 100 N Area 

Table 2-3. Summary of Tank 241-AP-104 Waste Input History.’ 

3,005 794 

1 Supernatant, dilute noncomplexed 1 to 1 553 1 146 I waste from 100 N Area 

I I I I 

Unknown waste addition I Unknown dilute noncomplexed waste I 1989, 1992 I 15 14 

Note: 
‘Agnew et al. (1996) 

2.3.1.1 Waste Trader ZWory-Fdlowing 3muary 1, 1994. There have been several 
recent additions of waste and tank-to-tank transfers involving tank 241-AP-104 since the 
historical end date of January 1, 1994. These transfers are noted in Table 2-4 although the 
table data have not been validated. 
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Figure 2-2. Tank 241-AP-104 Cross Section. 
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In January 1994, tank 241-AP-104 was almost empty, but it was filled again to near capacity 
with 4,255 kL (1,124 kgal) of dilute noncomplexed waste starting in July 1995. The 
additional waste was received from tanks 241-SY-102, 241-AW-105, and 241-AY-102, and 
from B Plant dilute low-level waste. 

Table 2-4 shows data obtained from an unvalidated database. The database was developed 
for waste volume projections. The columns are divided into the following categories: 
transfer type, source, destination, start date, end date, and volume. 

"Unknown waste gains or losses may be the result of rounding calculations. Clean water 
slowly leaking through a valve, changes in levels (expansion/contraction) because of ambient 
temperature changes, different measuring devices being used by tank farm operators. 
Tmasfers taking place during the end of the month. Tank farm activities such as 
miscellaneous water additions not associated with facility waste generation, or the additonal 
water which is added to aging waste tanks and then evaporated off.". 

Table 2-4. Summarv of Tank 241-AP-104 Waste Transfer Historv after January 1. 1994.' 
Estimated Volume 

Start Date EndDate kL I kgd 
9/1/942 9/30/94 18 12 

Notes: 
TR = transfer GA = gainofvolume 
LO = loss of volume U" = unknown waste type 
Water addition to tank 

'The data contained within this table have not been validated. 

2Dates are given in the mm/dd/yy format. 

B860N = dilute, noncomplexed waste from B Plant cell drainage 
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2.3.2 Historical Mimation of Tank Contents 

Current historical estimates are based on waste transfers prior to 1994. Because of the 
recent transfer history of tank 241-AP-104, the historical estimate does not represent tank 
contents. However, a summary of the historical estimate process of tank contents 
information as of 1994 is included to give a more complete picture of the tank’s history. 

Historical data used for the estimate are from the Waste Statu and Transaction Record 
Summary for the Southeast Qwdranr (Agnew et al. 1996), the Hanford DeJned Wastes: 
Chemical and Radionuclide Compositions (Agnew 1995), the Tank Layer Model (nM) 
(Agnew et al. 1995), the supernatant mixing model (Agnew 1995), and the Historical Tank 
Content Estimate for the Sourheast Quadrant of rhe Hanford 200 Areas (Brevick 
et al. 1995a). The waste status and transaction record summary (WSTRS) is a compilation 
of available waste transfer and volume status data. The Hanford Defined Wastes (HDW) 
provides the assumed typical compositions, for all known Hanford waste types stored in the 
double-shell and single-shell tanks. In some cases, the available data are incomplete, thereby 
reducing the usefulness of the transfer data and the derived modeling results. The TLM 
predicts the waste types and solid volumes in the tanks based on the WSTRS. The 
supematant mixing model describes the supernatant portion of each double-shell tank as a 
combination of Hanford defined waste supernates concentrated by some factor. These model 
predictions should be considered estimates only. They require further evaluation using 
analytical data. For a discussion of the assumptions used by these models, refer to 
Brevick et al. (1995a). 

Based on the HTCE and the TLM, tank 241-AP-104 contained 68 kL (18 kgal) of 
supernatant waste as of January 1, 1994. There was no historical data on the exact contents 
of the supernatant except for the hydroxide content. Hydroxide levels were determined to be 
less than 0.001 M with a pH range of 9.99 to 10.04. The supernatant layer was most 
probably dilute noncomplexed and phosphate wastes from the 100 N area and water. 

From January 1, 1994 to the present, there were several transfers to the tank from other 
tanks, and it also received dilute, noncomplexed waste from B Plant. The largest waste 
additions were three transfers of waste from tanks 241-SY-102, 241-AW-105, and 
241-AY-102. The records indicate the tank, which was filled to near capacity the first 
quarter of 1996, contained 4,258 kL (1,125 kgal) of dilute, noncomplexed waste. In 
May 1996, the waste was transferred and condensed in the 242-A Evaporator 96-1 
Campaign, then sent to evaporator slurry holding tank 241-AW-106. As of May 11, 1996, 
the tank was almost empty with approximately 101 kL (26.7 kgal) of waste. 

The chemical prediction of waste contents is not provided because it does not include 
transfers since 1994. 

2-8 



WHC-SD-WM-ER-596 Rev. 0 

2.4 SURVEILLANCE DATA 

Tank 24 1-AP-104 surveillance consists of surface level measurements (liquid and solid), 
temperature monitoring inside the tank (waste and vapor space), and leak detection well 
monitoring for radioactive liquids outside the primary tank. Liquid level measurements 
indicate major leaks into or out of the tank. Solid surface level measurements indicate the 
physical changes and consistency of the solid layers in the tank. Leak detection systems 
within the annulus of the tank detect leak!; from the primary tank. These data provide the 
basis for determining tank integrity. 

2.4.1 Surface Level Readings 

The tank 241-AP-104 waste surface level is monitored with an automatic Food Instrument 
Corporation gauge and a manual tape. Bexause this is an active tank, the waste surface level 
is continually subject to change. The measured surface level at the time of sampling 
(January 18, 1996 through January 23, 1996) was 10.4 m (34 ft) and represents a volume of 
4,258 kL (1,125 kgal). The tank volume listed by Hanlon (1996) is 3,160 kL (834 kgal), 
which corresponds to a waste level of 7.70 m (25.25 ft). The numbers do not agree because 
the data for surveillance and by Hanlon were taken at different times, and the tank level was 
changing (see Figure 2-3). For this reason, the data presented in Hanlon was not used for 
inventory estimates in this document. The tank was pumped starting approximately May 6, 
and as of May 11 the surface level was 24.6 cm (9.7 in.), which equals approximately 
101 kL (26.7 kgal) of waste. Figure 2-4 shows a graphical representation of the complete 
history of volume measurements. 

2.4.2 Internal Tank Temperatures 

Temperature data for tank 241-AP-104 are recorded by 18 thermocouples on one 
thermocouple tree located in riser 4. Temperature data from the Computer Automated 
Surveillance System (SACS), recorded from April 1986 to March 1995, are available for the 
18 thermocouples. Not all 18 thermocouples have data for this period. The mean 
temperature of the SACS data was 15.6 "C (60.1 OF), the minimum temperature was 7.7 "C 
(46 OF), and the maximum temperature was 21.2 "C (70.2 OF). The mean temperature of 
the computer system data for 1995 was 17.5 "C (63.5 O F ) ,  the minimum temperature was 
12.2 "C (54 O F ) ,  and the maximum temperature was 21.2 "C (70.2 OF). The minimum 
temperature on April 1, 1996 was 13 "C (55.4 O F )  on thermocouple 17, and the maximum 
was 15.5 "C (59.9 OF) on-thermoceuple 7. Figure 2-5 shows the weekly high temperature. 
Plots of individual thermocouple readings for tank 241-AP-104 are in the supporting 
documents for the HTCE (Brevick et al. 1995b). 
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2.4.3 Tank 241-AP-104 Photographs 

No interior photographs are available. 
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Figure 2-3. Comparing Surface Level Measurements by Hanlon and by Sample for 
Tank 241-AP-104. 
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Figure 2-4. Tank 241-AP-104 Level History. 
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Figure 2-5. Tank 241-AP-104 Weekly Temperature Plot. 
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3.0 TANK SAMPLING OVERVIEW 

This section describes the January 1996 sampling and analysis events for tank 241-AP-104. 
Grab samples were taken to satisfy the requirements of the Tank Safety Screening Data 
Quality Objective (Dukelow et al. 1995), the DMa Quality Objectives for Tank F a m  Wmte 
Compatibility Program (Fowler 1995), and the 242-A Evaporaror/Liquid Efluenr Retention 
FaciZity DMU Quality Objectives (Von Bargen 1995). The sampling and analysis were 
performed in accordance with the Tank 241-AP-104 Grab Sampling and Analysis Plan 
(Conner 1996). For further discussions of the sampling and analysis procedures, refer to the 
Tank Characrerk!arion Reference Guide (DeLorenzo et al. 1994). 

3.1 DESCRIPTION OF SAMPLING EVENT 

Thirteen grab samples were taken through riser (1 @ 30") and riser (1 @ 270") of tank 241- 
AP-104 using the bottle-on-a-string method. One grab sample was taken from the waste 
surface (an elevation of approximately 10 m (33 ft) as measured from the tank bottom to the 
mouth of the sample bottle), and four samples were taken from each of the three subsurface 
sampling locations 2.4, 4.9 and 7.6 m (8, 16 and 25 ft from the tank bottom). The surface 
sample was used for total organic carbon (TOC) and safety screening analyses. The four 
subsurface samples at each elevation were taken for the following purposes: 

semivolatiles organics analysis [SVOA] 
volatile organic analysis [VQA] 

boildown and mixing study analyses 

safety screening, inorganic and radionuclide analyses. 

In addition to the 13 samples, four field blanks and two trip blanks were taken. 

Prior to the grab sampling event, the tank headspace vapors were sampled through riser 
(1@30") and riser (1@270") and analyzed for the presence of flammable gases as prescribed 
by the safety screening DQO. The results of these tests are shown in Table 4-3. 

The safety screening DQO notification limit for flammable gas concentration is 25 percent of 
the lower flammability limit (LFL) (Dukelow et al. 1995). The combustible gas meter used 
to sample the tank headspace reports results as a percent of the lower explosive limit &EL). 
Because the National Fire Protection Association defines the terms LFL and LEL identically, 
the two terms may be usedinted~angeahly W P A  1995). 
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Volatile organic analyses were performed by the Pacific Northwest National Laboratory 
Analytical Chemistry Laboratory, and all other analyses were performed at the Westinghouse 
Hanford Company 2224 Laboratory in accordance with the referenced SAP (Conner 1996). 
Table 3-1 summarizes the sampling mode, applicable DQOs, and sampling and analytical 
requirements for the sampling event. 

3.2 SAMPLE HANDLING 

Samples for VOA analyses were shipped to the Analytical Chemistry Laboratory. All other 
samples were shipped to the 222-S Laboratory. 

Three of the 13 samples, 4AP-2A, -2B, and -2D, were taken on January 18, 1996. The 
remaining 10 samples were taken on January 23, 1996. All 13 samples were received at the 
appropriate laboratory the day after they were obtained. Four field blanks were taken on 
January 18, 1996. Sample 104-AP-IB1 was received at the laboratory the following day, and 
the other three field blanks were received on January 22, 1996. Two trip blanks were taken 
on January 23, 1996 and received on January 25. 

All samples appeared homogeneous except for a small solid chunk of material in 
sample 4AP-96-2C. No solids, turbidity, or organic layer were observed. The samples were 
collected in amber glass bottles, precluding the observation of color. Table 3-2 summarizes 
additional information on the grab samples. 

3.3 SAMPLE ANALYSIS 

Table 3-3 describes how the grab samples were analyzed. It includes for each sample, 
sample and laboratory identification numbers, the analyte used, and the preparation method. 
Table 3-4 describes the analytical procedures. It identifies the analysis that was performed, 
the instrument used, the preparation procedure, and the procedure number.analyses were 
performed in accordance with approved laboratory procedures. No deviations or 
modifications were noted by the laboratory. 

' 
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Table 3-1. Data Q 

hnuary 1996 
;rab 
ampling 

Safety 
screening 

Waste 
compatibility 

Evaporator 

litv Obiective Rewirements for Tank 241-AP-104.' - -  
sampling Requiwnents 
Vertical profiles from two 
widely spaced risers 

Grab samples from 
different depths 

3rab samples from 
lifferent depths 

Notes: 
IC = Ionchromatography 
ICP = 
TC = totalcarbon 
TIC = total inorganic carbon 

'Comer (1996) 

Inductively coupled plasma spectrometry 

A ~ l y t i c a l  Requirements 
t Energetics 
t Moisture content 
t Total alpha activity 
t Visual check for organic layer 
t Headspace gas flammability 
t Energetics 
t Moisture content 
t Visual check for organic layer 
t Metals by ICP 
t Anions by IC 
t Radionuclides 
c TIC, TOC 
t Hydroxide 
t Specific gravity 
t PH 
t Percent solids 
c Energetics 
c Moisture content 
t Total alpha and beta activities 
b Visual check for organic layer 
t Metals by ICP 
c Anions by IC 
t Radionuclides 
c TC, TIC, TOC 
t Hydroxide 
t Specific gravity 

c Ammonia 
t Uranium 
c Organics (SVOA), (VOA) 

PH 
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Table 3-2. Tank 241-AP-104 Grab Sample Information.' (2 sheets) 

4AP-96-1B 

4AP-96-1C 

4AP-96-1D 

4AP-96-2A 

4AP-96-2B 

4AP-96-2C 

4AP-96-2D 

supernate 

S96V000017 8 Subsurface 
supernate 

S96VOooOo6 8 Subsurface 
S96V000009 supernate 

S96V000021 8 Subsurface 
supernate 

PNNL 96-3096 25 Subsurface 
supernate 

S96V000018 25 Subsurface 
supernate 

S96V000007 25 Subsurface 
S96V000010 supernate 

S96VoooO22 25 Subsurface 
supernate 

35 

35 

50 

45 

15 

15 

15 

15 
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Table 3-2. Tank 241-AP-104 Grab Sample Information.' (2 sheets) 

Sample I Laboratory ID Elevation (ft)* 
Sample 
Number 

4AP-96-3A PNNL96-3097 16 

S96V000019 16 

S96V000008 16 
S96V000011 
S96V000026 

S96V000023 16 

Subsurface 
supernate 

1 @  
270" 

4AP-96-3B Subsurface 
supernate 

KP-96-3C Subsurface 
supernate 

4AP-96-3D Subsurface 
supernate 

4AP-96-4 
S96V000013 

S96V000015 
1 @ 30" 4AP-96-IB1 Field blank 

Field blank 4AP-96-IB2 S96V000016 I53 

PNNL 96-3093 53 

S96V000020 

PNNL 96-3094 f N/A 

4AP-96-OB1 

4AP-96-OB2 

Field blank 

Field blank 

Trip blank NIA 4AP-96-TB1 

N/A S96V000025 I N/A Tripblank I < 0.5 I 4AP-96-TB2 

Notes: 
'Miller (1996) 

'Sample elevation is defined as the distance from the tank bottom to the mouth of the sample bottle. 
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Table 3-3. Tank 241-AI'-104 Sample Analyses.' (2 sheets) 

4M-96-3A 

4AP-96-3B 

4AP-96-3C 

4AP-96-3D 

4AP-96-4 

IAP-96-IB1 

1AP-96-IB2 

tAP-96-OBl 

1AP-96-OB2 

1AP-96-TB1 

tAP-96-TB2 

rank headspace 
Tapors 

Sample Number Laboratory ID Analyte Preparation Method 

PNNL 96-3097 Volatile organics Direct 

S96V000019 Semivolatile organics Direct 

S96V000008 Inorganic and radionuclides Direct 
S96V000011 Acid digest 
S96V000026 

S96V000023 Mixing and boildown Direct 

S96VoooO12 TOC and safety screen Direct 
S96VoooO13 Acid digest 

S96V000014 Inorganic and radionuclides Direct 
S96VoooO15 Acid digest 

S96VoooO16 Inorganic and radionuclides Direct 

PNNL 96-3093 Volatile organics Direct 

S96V000020 ' Semivolatile organics Direct 

PNNL 96-3094 Volatile organics Direct 

S96V(xMQ25 - Semiv~latile organics Direct 

NIA Flammable gas concentration, N/A 
oxygen, ammonia, and total 
organic carbon vapor 

4AP-96-1A 

4AP-96-1D Direct 
I 1 

4AP-96-2A I PNNL 96-3096 1 Volatile organics I Direct 

4AP-96-2B 

4AP-96-2C 
S96V000010 Acid digest 

4AP-96-2D 
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Table 3-3. Tank 241-AP-104 Sample Analyses.' (2 sheets) 

Analysis 

Notes: 
IMiller (1996) 

Iastnrmeat Preparation AuaiyChlProcedure 
ProcedUR 

Yolatile organic analyses were required by the S A P  for acetone, I-butanol, 2-butanone. 2-hexanone, 
methyl isobutyl ketone, 2-pentanone, and tetrahydrofuran. Concentrations of these and other volatile 
organic compounds are reported in Appendix A. 

3Semivolatile organic analyses were required by the S A P  for2-butoxye.thanol andtri-n- 
butylphospbate. Concentrations of these and other semivolatile organic compounds are reported in 
Appendix A. 

%organic analyses include those which are not included in other groups such as organic compounds, 
radionuddes, physical properties, and total carbon. 

'Radionuclides are those analytes which are measured in terms of their radioactivity, expressed in 
pCilmL. 

T h e  mixing and boildown tests were performed to predict waste properties during and after 
concentration by evaporation. 

Energetics by DSC I Mettle? 

Table 3-4. Analytical Procedures.' (3 sheets) 

nla LA-514-113. Rev. C-1 

Percent water by 
TGA 

Mettlerm n/a ,LA-560-112, Rev. E1 1 
PH 
Organic layer 

Electrode nla LA-212-106, Rev. A-0 

Visual and over-the- n/a LA-519-151, Rev. E-2 
top reading 

Mixing and 
compatibility study 

Specific gravity 

Hydroxide 

Total carbon 

Total inorganic 
carbon 

LT-5 19-151 I Thermometric/ nla 
gravimetric 

Gravimetric nla 

Metrohm 682 nla 
Titroprocessor 

Furnacelcoulometer nla 

Coulometric nla 
autotitration I LA-622-102, Rev. C-0 
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Analysis 

Table 3-4. Analytical Procedures.’ (3 sheets) 

Preparation 

Total beta activity 

Radionuclides by 
GEA 

q C  

239/24Cpu 

1291 

u7Np 

=*pu 

ulAm 
wCm 

” 

Total organic Combustion/ 
carbon coulometry 

Beta proportional LA-505-158, Rev. B-0 
counter 

Gamma detector LA-549-141, Rev. D-0 
spectrometer 

Solvent LA-505-158, Rev. B-0 
extractionlliquid 
scintillation 

Ion exchange/solvent LA-505-158, Rev. B-0 
extractionialpha 
energy analysis 

Extractionlfiltrationig LA-519-151, Rev. E-2 
amma energy 
analysis 

Extraction/alpha LA-505-158, Rev. B-0 
count 

Ion exchange/solvent LA-505-158, Rev. B-0 
extraction/alpha 
energy analysis 

hxxchangelsolvent -L&505-158, Rev. B-0 
extractionlalpha 
energy analysis 

Micro distillation/ nla 
liquid scintillation 

Volatile organic Gas chromatograph n/a 
compounds mass spectrometer 

Semivolatile Gas chromatograph n/a 
organic compounds mass spectrometer 

Selective ion 

Analytical procedure 

LA-344-105, Rev. C-0 

PNL-ALO-335 

LA-523-406, Rev. A-0 

LA-631-001, Rev. B-2 

LA-508-101, Rev. D-2 

LA-508-101, Rev. D-2 

LA-508-162, Rev. B-0 

LA-438-101, Rev. D-2 

LA-943-128, Rev. A-0 

LA-378-103, Rev. C-0 

LA-933-141, Rev.H-1 

LA-943-128, Rev. A-0 

LA-953-103, Rev. A-4 

LA-218-114, Rev. A 4  
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Analysis Instrument Preparation 
procedure 

“C Persulfate nla 

Table 3-4. Analytical Procedures.’ (3 sheets) 

Anatytkal Procedure 

LA-348-104, Rev. B-1 

9 r  
. 

oxidation/liquid 
scintillation 

Anion-cation LA-505-149, Rev. B-0 LA-365-132, Rev. B-2 
exchange/ 
distillation/liquid 
scintillation 

Separation and beta LA-505-149, Rev. B-0 LA-220-101, Rev. D-1 
counting 

WHC-IP-0030, IH 1.4 
oxygen meter and IH 2.1 

Notes: 
Rev. = revision nla = not applicable 
Mettlerm is a registered trademark of Mettler Electronics, Anaheim, California. 

‘Miller (1996) 

3.4 HISTORICAL SAMPLING EVENTS 

Tank 241-AP-104 was sampled in April, July, and December, 1987 (Hanson 1987a, 
Hanson 1987b, Winters 1988). No details concerning the techniques used to extract the 
sample, the sample depth, or the riser used to obtain the sample on April or July were 
available. The April 22, 1987 was a very pale yellow liquid with no solids and no organic 
materials. The July 9, 1987 sample was noted as a yellow-brown aqueous phase with less 
than one percent solids .Twelve samples were-iaken onDecember 3, 1987 from different 
depths and risers. The samples were mostly clear, yellow liquid samples with a few dark 
Specks.  

Results from all three sampling events are tabulated in Appendix B. However, because the 
tank is active and its waste is continually changing, the results from the historical sampling 
events no longer represent the current tank contents. 
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4.0 ANALYTICAL RESULTS 

Section 4.0 summarizes the analytical results associated with the January 1996 sampling of 
tank 241-AP-104. The sampling and analysis parameters governing this event were 
integrated by and described in the SAP (Conner 1996). Analysis of the grab samples was 
performed at the 222-S Laboratory and the Analytical Chemistry Laboratory. 

Table 4-1 shows the data locations for this characterization report. The complete analytical 
data set is in Appendix A. Section 4.0 reports only analyte overall means. 

Table 4-1. Analytical Data Presentation Tables. 

4.1 DATA PRESENTATION 

This section summarizes the analytical results from the January 1996 tank 241-AP-104 
sampling event. The data were originally reported in Final Characrerizarion and Safety 
Screen Repon of Double-Shell Tank 241-AP-104 for 242-A Evaporator, Campaign 96-1 
(Miller 1996). Section 4.1.1 summarizes the chemical data, Section 4.1.2 summarizes the 
physical data, and Section 4.1.3 provides the headspace flammability results. 

4.1.1 Chemical Data Summary 

Data from the grab samples were combined to derive an overall mean for all analytes, except 
for DSC, which does not require calculation of a mean. All analyte means reported are 
weighted based on sample location. The overall mean was calculated by averaging the 
primary and duplicate results for each sample. For those analytes where more than one 
sample was analyzed from a given sample location (depth and riser), the sample means from 
that depth and riser were averaged to derive a depth mean. The depth means were averaged 
to derive a riser mean. Finally, the two riser means were averaged to derive the overall tank 
mean. When 50 percent or more of the primary and duplicate measurements had detected 
results, the overall mean was reported as a detected value. Conversely, when more than 50 
percent of the individual primary and duplicate measurements had nondetected results, the 
overall mean was reported as a nondetected value. 
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The information in Table 4-2 is derived from the Appendix A tables. Table 4-2 summarizes 
the chemical data except for DSC and any organic compound which was not required by the 
S A P  and was not detected. The first two columns of Table 4-2 lists each analyte and its 
overall mean. The third column displays the relative standard deviation (RSD) of the mean, 
defined as the standard deviation (of the mean) divided by the mean, multiplied by 100. The 
RSDs were estimated using standard analysis of variance techniques. They were computed 
for analytes having at most 50 percent of the results above the detection limit. For these 
analytes, the detection limit was used in the computations. This means that for these 
analytes, the reported mean concentrations and standard deviations of the mean are biased. 
The magnitude of the bias cannot be estimated. The last column lists projected inventories 
which were calculated based on a waste volume of 4,258 kL (1,125 kgal), the volume of 
tank at the time it was sampled. 

4.1.2 Physical Data Summary 

Thermal analyses and density were performed on tank 241-AP-104 grab samples to satisfy 
the requirements of the safety screening DQO (Dukelow et al. 1995), the waste compatibility 
DQO (Fowler 1995), and the evaporator DQO (von Bargen 1995). The waste compatibility 
and evaporator DQOs also required a pH measurement. 

4.1.2.1 Thermogravimetric Analysis. During a TGA, the mass of a sample is measured 
while its temperature is increased at a constant rate. Nitrogen is passed over the sample 
during the heating to remove any released gases. Any decrease in the weight of a sample 
represents a loss of gaseous matter from the sample through evaporation or a reaction that 
forms gas phase products. The moisture content is estimated by assuming that all TGA 
sample weight loss up to a certain temperature (typically 150 "C) is caused by water 
evaporation. 

Table A-43 shows the TGA results for tank 241-AP-104. All samples exhibited a large 
weight loss between the ambient temperature and 100 "C. This was the only transition in all 
the runs. This weight loss is attributed to the evaporation of water. The overall mean 
percent water for the tank is 96.6 weight percent. 

4.1.2.2 Differential Scanning Calorimetry. During a DSC, heat absorbed or emitted by a 
substance is measured while the substance is exposed to a linear increase in temperature. 
While the substance is being heated, nitrogen is passed over the waste material to remove 
any gases being released. The onset temperature for an endothermic (characterized by or 
causing the absorption of heat) ormexethermic (characterized by er causing the release of 
heat) event is determined graphically. 
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Table 4-2. Chemical Data Summarv for Tank 241-AP-104.' f2 sheets) 

Analyte 
Projected 

Overall Mean RSD (Mean) Inventory 

I Aluminum I198 182.4 I843 I 
Chromium 134.5 152.9 147 
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Table 4-2. Chemical Data Summary for Tank 241-AP-104.’ (2 sheets) 

Analyte Overall Mean RSD (Mead 
Projected 
Inventory 

RADIONUCLIDES (Cont’d) 1 pCi/mL 

I 226Ra I < 0.0535 I n/a I < 228 I 

% Ci 

“RulRh I < 0.0389 I n/a I < 166 
19Se I < 3.50E-07 I n/a I < 0.00128 
89/90Sr 10.0663 137.9 I282 
T C  10.00289 162.3 112.30 
’H I0.00402 184.9 117.16 
Total alpha ~0.000328 115.2 11.40 

I Total beta 14.48 115.6 119.074 I 

I Total carbon I944 126.8 I4019 I 
Total inorganic carbon I740 138.7 13151 
Total organic carbon I154 I26 I656 

I 1-Butanol I < 29.0 I n/a 
2-Butanone I < 0.500 I n/a I < 2.13 
2-Butoxvethanol 10.795 138.6 13.38 
2-Hexanone I < 0.500 I n/a I < 2.13 
4-Methyl-2-pentanone I < 0.500 I n/a I < 2.13 
2-Pentanone I < 0.500 I n/a I < 2.13 
Tetrahydrofuran I < 0.500 I n/a I < 2.13 

1 Tri-n-butvl DhosDhate 14.69 187.8 119.97 I 
I I . .  , .  r 

PHYSICAL PROPERTIES I 
I DH 112.7 12.72 I n/a I 

~~ 

Water - 1  96.6 wt% 12.1 ]4:20 E+06 
Specific gravity 11.02 I n/a I n/a 

Note: 
nla = not applicable 

’Miller (1996) 
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Table A-44 shows t h e  DSC results. All reactions were endothermic; therefore, no sample 
exceeded the safety screening DQO action limit of -480 J/g. Only one transition was 
observed. The transition represents the endothermic reaction associated with the evaporation 
of free. and interstitial water. Table A-44 also shows the peak temperature for the 
endothermic reaction and the magnitude of the enthalpy change. The results are on a wet 
weight basis. Because there were no exothermic reactions, the calculation of a 95 percent 
confidence interval as required by the safety screening DQO (Dukelow et al. 1995) was not 
necessary. 

4.1.2.3 Specific Gravity. Specific gravity measurements were performed on the samples in 
duplicate (see Table A-45). The overall tank specific gravity was 1.02. 

4.1.2.4 pH Measurements. Measurements for pH were performed on the samples in 
duplicate (see Table A-42). The overall tank pH was 12.7. 

Vapor Characteristic Measured 

4.1.3 Headspace Flammability Screening Results 

As requested in the SAP (Comer 1996), the tank 241-AP-104 headspace was sampled and 
analyzed for the presence of flammable gases prior to grab sampling. The safety screening 
DQO notification limit for flammable gas concentration is 25 percent of the LFL 
(Dukelow et al. 1995). The combustible gas meter used to sample the tank headspace 
reports results as a percent of the LEL. Because the National Fire Protection Association 
defines the terms LFL and LEL identically, the two terms may be used interchangeably 
(NFPA 1995). The reported LEL of 0 percent was well below the safety screening DQO 
limit of 25 percent of the LFL. In addition, the concentration of oxygen gas, ammonia gas, 
and total organic carbon vapor were determined. Table 4-3 shows the results of the 
combustible gas monitoring. 

Table 4-3. Headspace Flammability Screening for Tank 241-AP-104.' 
Results 

Riser Riser Rise€ Riser 
l@M' 1@30"20 1@270"3 l@27O42O 

3 ft.  depth ft. depth ft. depth ft. depth 
Flammability vapor concentration as 10% 
percent of the LFL 
Volume percent oxygen gas 120.9% 120.9% 120.9% 120.8% 

0% 10% I O %  

Concentration of ammonia gas 
Concentration of total organic carbon ~- 
vapor 

Note: 
IMiller (1996) 

Opprn < 5 ppm Oppm Oppm 
0 ppm 0 ppm 0 ppm 0 pprn 
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS 

The section discusses the overall quality and consistency of the current sampling results for 
tank 241-AP-104, and it assesses and compares these results against historical information 
and program requirements. 

5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS 

This section evaluates sampling and analysis factors that may impact data interpretation. 
These factors are used to assess the overall data quality and consistency and to identify any 
data limitations. 

5.1.1 Field Observations 

The safety screening DQO (Dukelow et al. 1995) requirement to sample at least two widely- 
spaced risers was fulfilled. The waste compatibility DQO (Fowler 1995) and the evaporator 
DQO (Von Bargen 1995) requirements to take grab samples from different depths were met. 
A horizontal and vertical comparison of the analytical results therefore was possible and 
provided an estimate of the distribution of waste constituents. The laboratory analyses were 
performed promptly. No sampling anomalies were noted. 

5.1.2 Quality Control Assessment 

The usual quality control assessment includes an evaluation of the appropriate standard 
recoveries, matrix spike recoveries, duplicate analyses, and blanks that are performed in 
conjunction with the chemical analyses. All the pertinent quality control tests were 
conducted on the 1996 grab samples, allowing a full assessment regarding the accuracy and 
precision of the data. The specific criteria for all quality control checks were given in the 
SAP (Conner 1996). Quality control results outside these criteria are identified by 
superscripts in Appendix A tables. 

The standard and matrix spike recovery results provide an estimate of the accuracy of the 
analysis. If a standard or spike recovery is above or below the given criterion, then the 
analytical results may be biased high or low, respectively. All standard recoveries were 
within the defined niteria-except for 2 3 7 N ~ - - A l t h o ~  i t  was within the internal control 
limits of the laboratory, the standard recovery for this analyte was 69.4 percent, slightly 
below the SAP criteria of 70 to 130 percent recovery. Also, the matrix spikes were above 
the 110 percent upper limit criteria for acetone and 1-butanol, which had recoveries of 124 
and 140 percent, respectively. Finally, the analytical precision was within the limits for all 
analytes, and blank contamination was not noted in any sample (Miller 1996). 
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In summary, practically all quality control results were within the boundaries specified in the 
SAP. The few discrepancies noted above should not impact either the validity or the use of 
the data. 

5.1.3 Data Consistency Checks 

Comparing different analytical methods can help in assessing data consistency and quality. 
The quantity of data made it possible to calculate mass and charge balances. Comparing the 
activities of individual alpha emitters with the total alpha activity was not feasible because all 
measured alpha emitters exhibited activities less than the detection limit. Comparing the 
activities of the beta emitters with the total beta activity was possible. 

5.1.3.1 Comparison of Results from Different Analytical Methods The following data 
consistency check compares the results of two analytical methods. A comparison was made 
between the activities of s9’9aSr and 13’Cs with the total beta measurement. The sum of the 
beta emitters was as follows: 

Sum of beta emitters = (2 * s9iwSr + ’3JCs) 

Because 89’90Sr is in equilibrium with its daughter product “Y,  the *giwSr activity must be 
multiplied by 2 to account for all beta emitters (see Table 5-1). The activities from the two 
methods agree closely. 

Table 5-1. Comparison of Total Beta Activity with the Sum of 89’90Sr and I3’Cs Activities. 

89/90sr 10.0663 I 0.133 
I3’Cs 14.4 14.4 

Sum of beta emitters 
Total beta activity 
Relative percent difference 

5.1.3.2 Mass ami ChargeBalancs; Massand charge balances were performed to 
determine whether the measurements were consistent. In calculating the balances, only 
metals and anions listed in Table 4-2, which were detected at a concentration of 1,OOO pglg 
or greater, were considered. All analytical results in this section were converted from pglg 
(using the specific gravity mean of 1.02) before being used in the following tables. 
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Sodium was the only cation present in quantities greater than 1,000 pg/g (see Table 5-2). 
The anions listed in Table 5-3 were assumed present as sodium salts and were expected to 
balance the positive charge exhibited by sodium. The concentrations of sodium in Table 5-2, 
the anionic species in Table 5-3, and the percent water were used to calculate the mass 
balance. The uncertainty estimates (RSDs:I associated with each analyte are also given in the 
tables. The uncertainty estimates for the cation and anion totals and the overall uncertainty 
Table 5-4 were computed by a statistical technique known as the propagation of errors 
(Nuclear Regulatory Commission 1988). 

The mass balance was calculated from the formula below. The factor 0.0001 is the 
conversion factor from pg/g to weight percent. 

Mass balance = percent Water + 0.0001 x {Total Analyte Concentration} 
= percent Water + 0.0001 x {Na+ + NO< + NO; + OH-} 

The total of the analyte concentrations calculated from the above equation is 28,500 pg/g. 
The mean weight percent water obtained from thermogravimetric analysis reported in 
Table 4-2 is 96.6 percent, or 966,000 pglg. The mass balance resulting from adding the 
percent water to the total analyte concentration i s  995,000 pglg or 99.5 percent (see 
Table 5-4). 

The following equations demonstrate the derivation of total cations and total anions; the 
charge balance is the ratio of these two values. To derive the results shown in the equations, 
all concentrations must be converted to a pg/g basis. 

Total cations (peq/g) = [Na+]/23.0 = 418 peq/g 

Total anions (peq/g) = [N0<]/62.0 + [N0;]/46.0 + [OH']/17.0 = 424 fieqlg 

The charge balance obtained by dividing the surn of the positive charge by the surn of the 
negative charge is 0.99. 

In summary, the above calculations yield very good mass and charge balance values (close to 
1.00 for charge balance and 100 percent for mass balance), indicating that the analytical 
results are consistent. 
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Table 5-2. Cation Mass and Charae Data. 

Anatyte 

1 Sodium 19,620 I Na+ 19.620 155.2 I418 I 

Coocentration of RSD 
Concentration Assumed Species (Mean) Charge 

rgk Species c g k  9 6 1  rW&! 

I Total 19.620 (55.2 I418 I 

Hydroxide 
Nitrate 
Nitrite 

~ ~~~ 

Table 5-3. Anion Mass and Charge Data. 

2,570 OH- 2,570 58.3 151 
14,500 NO; 14,500 63.9 234 
1,780 NO; 1,780 35.6 39 

Total 18,900 49.8 424 

Table 5-4. Mass Balance Totals. 

Total 
Concentration I RSD Mean) 

% 

Anions from Table 5-3 
Water 
Grand total 

5.2 COMPARISON OF HISTORICAL WITH ANALYTICAL RESULTS 

No comparison was performed between the historical analytical results and the 1996 sampling 
event. Because tank 241-AP-104 is active and receives and transfers waste, the historical 
tank contents information is based on transfers prior to 1996 and does not represent the 
current tank contents. 

-- .- - 7  ~- 

18,900 49.8 
966,000 2.1 
995,000 2.3 
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5.3 TANK WASTE PROFILE 

According to the Surveillance Analysis Computer System database, the tank contained 
4,258 kL (1,125 kgal) of supernatant at the time of the January 1996 grab sampling events. 
The visual descriptions of all samples were the same (uniform with no solids, turbidity, or 
organic layer observed) except for a small "chunk" of material in sample 4AP-96-2C. Based 
on this evidence, the tank samples were expected to be similar. 

Laboratory analysis, however, showed that many constituents were more concentrated in 
sample from the bottom half of the tank than in samples from the top half. Examples include 
the data for nitrate and sodium (see Figure 5-1). Depending on the sample location, both 
analytes had concentrations that varied by more than a factor of three (for example, nitrate 
results of 2,900 pg/ml and 19,600 pg/ml). 

Waste samples were taken from different depths and two risers. Consequently, ANOVA 
models with riser and depth terms were f i l  to the analytical data. The results from these 
models can be used to test whether mean analyte concentrations vary significantly in the 
horizontal and vertical directions. 

Where analytical data was taken from samples from each riser, a two-way classification 
(riser and depth) model was used. Where analytical data were available from samples from 
one riser, a one-way classification (depth) model was used. The models were fit to the 
analytical data provided that 50 percent or more of the measurements were above the 
detection limit. For those samples with some measurements below the detection limit, the 
detection limit was used in the computations. This means that the reported summary 
statistics are biased. The magnitude of the bias cannot be estimated. 

The results from the ANOVA models showed significant differences (at the 0.05 level of 
significance) in mean concentration between risers (horizontal variability) for only two of 
30 analytes (1-butanol and ammonia). Both analytes had small concentrations (less than 
200 pg/ml). 

There were significant differences in mean concentrations between depths for 13 of 24 
analytes (fluoride, hydroxide, nitrate, nitrite, phosphate, sulfate, I4C, '"Cs, 137Cs V c ,  
tritium, total carbon, and pH). Some analytes had large concentrations (more than 
1,OOO pg/ml); therefore the vertical changes, in the waste were more significant than the 
differences between risers. 

Figure 5-1 shows the magnitude of vertical changes. The graphs show analytes with major 
concentrations plotted with respect to sample depth. Only analytes with tank inventories 
greater than 1,OOO kg or 1,OOO Ci are plotted. In almost all cases, analyte concentration 
increases with depth. Since no samples were taken in the bottom 2.4 m (3 ft), however, it is 
difficult to predict analyte concentrations in this region. Based on this observation, it is 
recommended that future grab sampling events include samples taken near the tank bottom, 
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Figure 5-1. Vertical Profile of Analytes with Tank Inventory 
of Greater than 1,000 kg or 1,ooO Ci. 

%Water Na Nitrate Hydroxide 

Flouride ~ 

11 
i o  \ 

Phosphale 

11 

Total Beta cs-137 Sulfate 
5 6 -  96- 96- 

10 

Nitrite 
96-  

30- 

10 

5 6 ,  

9 0 -  

25- 

P- 
i s  - 

10 - 

TOC 

i 
Speclfic Gravity 

56-  

i s  

i o  - 

5 h  6- 
0 1 2 s 4 s a 7  o lm, 

klcmmum - 
Total Carbon nc 

5-6 



WHC-SD-WM-ER-596 Rev. 0 

5.4 COMPARISON OF TRANSFER HISTORY WITH ANALYTICAL RESULTS 

The HTCE predictions are based on waste transfers prior to 1994. For this reason, the 
HTCE estimates of tank contents do not correspond to the present contents of the tank, and a 
comparison is not appropriate. 

5.5 EVALUATION OF PROGRAM REQUIREMENTS 

The 1996 grab sampling event was governed by three DQOs: safety screening 
(Dukelow et al. 1995), waste compatibility (Fowler 1995), and evaporator 
(Von Bargen 1995). Each DQO contains requirements pertinent to a primary issue regarding 
tank waste. The safety screening DQO lists requirements for examining the waste in each 
Hanford underground tank to address the verification of the non-Watch List status of the tank 
and/or to identify unknown safety issues associated with the tank. The compatibility DQO 
identifies potential safety and operational problems which may be encountered when 
combining waste from two sources, for example, the salt well liquor from a single-shell tank 
with the waste in a receiving double-shell tank. The evaporator DQO details the information 
needed to safely and efficiently concentrate the waste by evaporation, route the condensate to 
retention and treatment facilities, and discharge the condensate to the environment. 

The primary issues discussed above are integrated by the SAP into a list of required 
analytical tests and their respective limits. Several issues overlap, for example, the safety 
screening DQO requirement for the analysis of energetics by DSC is shared by the other two 
DQOs. The following paragraphs will discuss each issue in the DQOs, the analyses 
performed to evaluate those issues, and the analytical results from the 1996 grab sampling 
event. Some issues discussed in the DQOs will not be addressed in this report because they 
are not pertinent to the waste characterization of the tank. 

In addition to the analyses performed in accordance with the DQOs, the tank has previously 
been screened for high heat conditions. The heat load is modeled by the I-ITCE 
(Brevick 1995a) and Kummerer (1994) and has been calculated for this report using the 
analytical data from the 1996 grab sampling event. 

5.5.1 Tank 241-AP-104 Heat Load 

A factor in assessing tank safety is the heat generation from radioactive decay. The heat 
load value calculated-using the: data - f f m  the-1996 grab -sampling effort (Miller 1996) was 
90.5 W (309 Btulhr). This estimate is well below the design specification limit of 20,500 W 
(70,000 Btu/hr) for the 241-AP tank farm (Harr is  1992). Because this is an active tank, no 
trend can be established for heat load variations. The calculated heat load is given in 
Table 5-5. 
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Table 5-5. Tank 241-AP-104 Projected Heat Load. 

Note: 
IGrkpalnck and Brown (1984) 

5.5.2 Safety Screening Evaluation 

Data criteria identified in the safety screening DQO are used to assess the safety of the waste 
in tank 241-AP-104. The requirement that vertical profiles of the waste be taken from at 
least two widely-spaced risers was met. The three primary safety analyses required by the 
safety screening DQO include DSC (to measure the fuel content), a measurement of the total 
alpha activity (to determine the criticality potential), and a determination of the flammability 
of the tank headspace vapors. For each required analysis, a decision threshold was 
established by the DQO which, if exceeded, may warrant further investigation to assure the 
safety of the tank. Table 5-6 lists the applicable safety issues, decision variables, and 
thresholds, and the mean analytical results from the 1996 grab sampling event. 

The safety screening DQO has established decision criteria threshold of -480 J/g (dry weight 
basis) for the DSC analyses (Dukelow et al. 1995). Because no exothermic reactions were 
noted in any sample, the DQO limit was not exceeded, and the calculation of 95 percent 
confidence interval upper limit per the safety screening DQO was unnecessary. 

The potential for criticality can be assessed from the total alpha activity data. The safety 
screening decision threshold is 1 g/L, or 61.5 pCi/mL. The overall tank mean was 
3.28E-04 pCilmL, well below the decision threshold. The upper limit to a one-sided 
95 percent confidence interval on the mean for each sample-duplicate pair were also below 
the DQO decision threshold. The 95 percent confidence interval upper limits are shown in 
Appendix C. 
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The flammability of the gas in the tank headspace is an additional safety screening DQO 
consideration. The requirement states that any flammable gas present must be 5 25 percent 
of the LFL. The analytical result was 0 percent of the LFL (see Section 4.1.3). 

Primary Decision Decision Criteria 
safeiy Iaue Variable Threshold 

Table 5-6. Decision Variables and Criteria for the Safety Screening Data Quality 
Ohiertive. 

Mean Analytical 
-Result 

FeGocyanide/organics 1 Total fuel content 
Criticali tv 

1 -480 J/g I No exotherms 
13.28E-04 WCilmL I Total alpha activity I > 61.5 ctCi/mL 

Flammable gas 1 Flammable gas 125% of the LFL I 0 percent of the LFL I 

5.5.3 Waste Compatibility Evaluation 

In accordance with Fowler (1995), tank 241-AP-104 was analyzed to assess the safety and 
operational implications of combining the wastes in the tank and the double-shell tank 
system. Safety considerations included criticality, flammable gas generation and 
accumulation, energetics, corrosion and leakage, and unwanted chemical reactions. 
Operational considerations included plugged pipelines and equipment, TRU segregation, 
complexant waste segregation, and heat load limits of the receiving tank. Not all safety and 
operational considerations are within the scope of this report, notably the potential chemical 
reactivity of the waste in a variety of different situations and the tendency of waste to plug 
piping and equipment. Table 5-7 shows the analyses used to evaluate the waste in terms of 
the safety and operational considerations which are within the scope of this report. The 
primary decision variable, the out-of-specification decision threshold and the analytical results 
from the 1996 grab sampling event are listed for each safety or operational issue. All listed 
analyses and evaluations were well within the out-of-specification decision threshold imposed 
by the waste compatibility DQO and listed in the SAP (Conner 1996). 

The notification limit for criticality in the waste compatibility DQO is .013 g/L. However, 
because this tank is being processed by the evaporator, the more stringent .005 g/L is used to 
ensure the slurry feed from the evaporator does not exceed the compatibility limit. 

The notificatianlimitfoLcriticality_is_hased mthe meanconcentration of 239moPu plus 
1.077E-10 multiplied by the mean gross uranium result. Because the analytical results for 
the 1996 grab sampling event were reported in units of pCi/mL, the limit was converted to 
those units by using the method described in the footnote of Table 5-7. The sum of the 
analytical mean for 239n40pu plus 1.077E-10 multiplied by the mean gross uranium result was 
well below the notification limit. 
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Table 5-7. Decision Variables and Criteria for the Waste Compatibility Data Quality 
Objective. (2 sheets) 

Criticality 

Flammable gas 
Ferrocyanide/ 
D r g an i c s 

Corrosion and 
Leakage 

segregation 

Complexant 
segregation 
(boildown test) 

Heat load 

W i r y  Decision 
Variable 

SDecific gravity 
Total fuel content 

TRU elements 

Viscosity change 
Crystal formation 

Heat generation rate 
from radioactive decav 

Decision Criteria 
Threshold 

u9n40p~ + 1.077E-10 * (U- 
gross) > 0.005 g/L 
(> 0.3075 fiCi/mL)' 
> 1.41 
For exothermic reactions 
< 177 "C (350 OF), the 
absolute value of 
exotherm/endotherm ratio 
2 1 (No notification 
required) 
< 170or > 170,000pglmL 
> 341,000 fig/mL 
< 506 or > 253,000 pg/mL 

[u91240pu], [238Pu], ["'Am], 
total], [243nMCrnl, [237Np1 total 
concentration > 0.1 ,i&g 

Observation of rapid viscosity 
change on crystallization or 
formation of non-settling 
crystals would indicate 
comdexed waste. 
2 20,500 W (70,000 Btulhr) 

Mean Analytical 
RSUk 

< 3.45E-05 
pCi/mL 

1.02 
No exothermic 
reactions 

2,620 pglmL 
14,800 pglmL 
1,820 pg/mL 

5.63E-04 pCi/g 

None observed 

90.5 W 
(309 Btulhr) 

Note: 
IAlthough the actual decision criterion listed in Conner (1996) was 0.005 glL, total alpha was 
measured in pCilmL rather than glL. To convert the notification limit for total alpha into the same 
units used by the laboratory, it was assumed that all alpha activity originated from mF'u. Using the 
specific activity of =F'u (0.0615 Cilg), the decision criterion converts to 0.3075 pCilmL as shown: 

5-10 



WHC-SD-WM-ER-596 Rev. 0 

Flammable gases may accumulate in wastes with high specific gravity (> 1.41). The mean 
specific gravity for the 1996 grab samples was 1.02, well below the decision threshold. For 
energetics, the exotherm/endotherm ratio must be below 1 for all reactions below 168 "C 
(335 O F ) .  Note that this is not a threshold limit as in the case of the evaporator DQO. No 
exothermic reactions were observed. The concentrations of the corrosion-inhibiting 
constituents of the waste were all within the limits imposed by the Compatibility DQO. 

Operations issues are based on the policy of segregating TRU and complexant wastes, 
avoiding excess heat in the tanks, and ensuring pumpability of the source waste to the 
receiving tank. The total concentration of TRU elements was calculated by converting the 
values to a per-weight basis from the per-volume basis by dividing the analytical result for 
each radionuclide by the mean tank density and summing the per-weight results. The total 
was cornpared to the 0.1 @Ci/g standard for segregating TRU waste from non-TRU waste. 
The waste is nan-TRU. The waste from tank 241-AP-104 was classified as noncomplexed. 
The heat load was calculated as shown in Table 5-5. 

5.5.4 Evaporator Evaluation 

Tank 241-AP-104 was processed through the evaporator in May 1996. The evaluation and 
analysis for the processing operations is contained in the 242-A Campaign 96-1 Process 
Control Plan (Le 1996). A summary of this finding is included for completeness. 

Issues associated with evaporator operation include tank waste compatibility, criticality, 
presence of a separable organic layer, radioactive source term, ammonia content, waste 
designation for double-shell tanks, energetics, and organic content. To assess the suitability 
of the waste for volume reduction and to predict the characteristics of the concentrated 
product, selected constituents of the waste In tank 241-AP-104 were measured. The 
analytical results are compared in Table 5-8 to out-of-specification decision thresholds listed 
in the evaporator DQO (Von Bargen 1995) and the SAP (Conner 1996). The table and the 
discussion below are divided into three pans to reflect the organization of Table 1.2 in 
Von Bargen (1995): process control, safety, and compliance. Not all issues appearing in 
Von Bargen (1995) are within the scope of this report. 

5.5.4.1 Process Control Issues. Process control consists of two broad areas: waste 
compatibility and separable organic layers. Waste compatibility is influenced by the 
chemical, physical, and radiochemical characteristics of the waste. The waste must be 
compatible with other waste forms, with tank and piping systems, and with the evaporator 
itself. Transuranic and complexant wastes must be segregated from non-TRU and 
noncomplexant wastes. High-phosphate waste can cause crystallization if it is mixed with 
waste with high-nitrate salt content. High-hat waste must be discharged to a tank which is 
designed for high heat, and the corrosivity of the waste must be controlled to prolong the life 
of carbon steel components. The presence of a separable organic layer requires that the 
minimum level ip evaporator feed tank 241-AW-102 be increased from 15.24 cm (6 in.) to 
25.3 cm (8.3 ft) to prevent pumping organic: material to the evaporator. 
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Table 5-8. Decision Variables and Criteria for the Evaporator Operation Data Quality 
Objective. (4 sheets) 

Mixing and 
compatibility study 

Samples from the candidate feed wastes are 
combined in the laboratory; the resultant mixture is 
observed for changes in temperature, color, clarity, 
or other visually determinable characteristic. (Le 

High-phosphate 
waste 
Complexed waste 
segregation 

Ferrocyanide/ 
organics 

Flammable gas 
accumulation 
TRU segregation 

Heat generation 

Corrosion 

Operational level of 
evaporator feed tank 

I I 

1996) 

[PO49 

TOC content, 
wt % water 

Total fuel 
content 

Specific 
gravity 
TRU 
elements 

Design limits 
of evaporator 
feed and 
slurry tanks 
IO”] 
[NO;] 
[NO,-] 
Separable 
organic layer 

No changes 
observed. 

[PO:.] > 0.1 M (9,500 pg/mL) 

if > 3% TOC (dry basis), 
then waste must be stored in a tank 
with > 50 wt % water 

For exothermic reactions < 177 “C 
(350 OF), absolute value of 
exotherm/endotherm ratio 2 1 
Specific gravity > 1.41 

- 

- 

- 

0.00790 M 
(750 pg/mL) 
0.444 % TOC 
(dry basis), 
96.6 wt % 
water 
No 
exothermic 
reactions 

1.02 specific 
gravity 

[239’24’hl, [238Pul, [%*Am], [U total], 
[243’2MCml, [~”NP] total concentration 

Heat production from radioactive 
decay > 70,000 Btulhr 

5.63E-04 
uCi/r! 

- 
< 170or > 170,000pg/mL 
> :341,000 pg/mL 
< SO6 or > 253,000 pglmL 
Visual detection of separable organic 
layer 

309 Btu/hr 
(based on 
[137Cs], and 
[89’mSr]) 

2,620 pg/mL 
14,800 pg/mL 
1,820 pg/rnL 
No separable 
organic layer 
detected 
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Table 5-8. Decision Variables and Criteria for the Evaporator Operation Data Quality 
Objective. (4 sheets) 

primary 
Deeisiou 
Variable 

Decision Criteris 
Threshold 

'errocy anidel 
rganics 

Activity of 
selected 
radionuclides 

'otal fuel 
ontent 

(> 0.3075 gCi/mL)' 
Radionuclide Limit (gCi/mL) 

I4C 0.26 
"CO 1.2 

90sr 220 
%Nb 0.098 
99Tc 2 

'06Ru 53 

79Se 0.078 

0.0026 1291 

' W S  15 

800 1 3 7 c s  

lS4Eu 5 
I5'Eu 7 

226Ra 0.033 

=*pu 0.0013 
0.16 

beta activity) 

2)9/240pu 

241Pu 15 (based on total 

241Arn 1 
2MCm 0.013 
Exotherm/endotherrn ratio > 1; 
Presence of organic layer 

Radioactive source 
~ term 

gCilmL 
Mean 
radioactivity 
@Ci/rnL) 

0.00006 
< 4.45B-04 
< 3.35E-07 
0.0663 
< 5.64E-04 
0.00289 

< 0.0389 
< 5.19E-06 
0.00433 
4.4 
< 0.00115 
< 0.00691 
< 0.0535 

< 3.53E-05 
< 3.45E-05 
4.48 

< 1.47E-04 
< 1.47E-04 
No 
exothermic 
reactions; no 
organic layer 

5-13 



WHC-SD-W-ER-596 Rev. 0 

Ferrocyanide/organic 

Table 5-8. Decision Variables and Criteria for the Evaporator Operation Data Quality 
Objective. (4 sheets) 

Total fuel For exothermic reactions < 177 "C No 
content (350 OF), the absolute value of exothermic 

exotherm/endotherm ratio 2 1 reactions 

quantity of ammonia 

Vessel vent organic 
discharge 

I I I 

ComplianCe 
CERCLA2 reportable I Feed tank I No specific limit. Results are used IO 171.6 , q / m L  

ammonia 
content 

develop process controls to ensure 
reportable quantity is not exceeded. 

Feed tank Organic Limit3 M a  
organic compound d m L  analytical 
compound result 
content bglmL) 

Acetone 
I-Butanol 
2-Butoxyethanol 

2-Butanone 

phosphate 
Tributyl 

TOC (TC-TIC) 

. -  . 
174.4 (R-l)/R 1.18 
452 (R-l)/R < 29.0 
190.4 (R-l)/R 0.795 

116 (R-1)/R < 0.5 
20,300 (R-1)/R 4.69 

174.4 (R-1)IR 204 
(as acetone) 

WAC 173-303-100 
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Primary 
Decision 

Table 5-8. Decision Variables and Criteria for the Evaporator Operation Data Quality 
Objective. (4 sheets) 

Mean 
Decision Criteria Analytical 

Evaporator fssues 

I retkntion facility I coltent of 

Variable Threshold Result 

I I . . ,  I 

Notes: 
‘Although the actual decision criterion listed in Comer (1996) was 0.W5 g/L, total alpha WBS 

measured in pCilmL rather than g/L. To convert the notification limit for total alpha into the same 
units as the laboratory, it was assumed that all alpha activity originated from 2-’9Pu. Using the specific 
activity of 2-’9Pu (0.0615 Ci/g), the decision criterion converts to 0.3075 pCilmL as shown: 

1 coipound 

1 1-Butanol 

Acetone 
2-13utanone, 
2-IIexanone, 
Methyl isobutyl 
ketone, 
2-Pentanone 
Tetrahydrofuran 
2-Hutoxyethanol 

Tributyl 
phosphate 
Ammonia 

Sum of: 

- 
- 
- 

- 
- 
TOC (TC-TIC) 

’Comprehensive Environmental Response Compensation and Liabiliry Act 

’R is the ratio of the evaporator feed flow rate to the slurry flow rate. R is equal to 2 for AP-104. 

(PdmL)  analytical 

500,000 < 29.0 

(all but 
acetone were 
undetected) 

result (pg/mI 

200,000 (R-1)/R 1.18 

2,000 < 0.5 
2,000 0.795 
2,000 4.69 

100,000 71.6 
< 1.240 (R-lYR 204 
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Tank waste compatibility for evaporator operations is assured by a documented assessment of 
the waste by the compatibility program (Fowler 1995). Results from sampling and analysis 
events and boildown studies, are used to predict the behavior of the waste when it is mixed 
with waste from other tanks or in the double-shell tank system. Results from the mixing 
compatibility study and boildown test are documented in 242-A Campaign 96-1 Process 
Control Plan (Le 1996, Appendix J). The boildown and mixing tests indicated the behavior 
of noncomplexed waste; no visible changes in the waste were evident when mixed. 

When high-phosphate waste is mixed with high-salt waste or neutralized cladding removal 
waste, crystals could result that could plug pumps and equipment and make future waste 
handling difficult. The phosphate concentration in the tank was well within limits. 

The waste was analyzed for TOC content to determine its capability of sustaining an 
exothermic reaction and to evaluate whether the waste could be classified as complexant. 
The TOC limit is three weight percent. Waste in tanks exceeding this value must be stored 
in tanks with greater than 50 percent water. The waste in tank 241-AP-104 contains less 
than one tenth of a percent TOC and is composed of 96.6 weight percent water. 

The same energetics limit that applies to the waste compatibility DQO also applies to the 
evaporator DQO and the tests are the same. All results were well within the decision 
thresholds. 

Flammable gas can accumulate in waste with a high specific gravity. Consequently, the 
evaporator is operated so that the specific gravity of the slurry does not exceed 1.41. The 
specific gravity of the waste was 1.02. 

Transuranic wastes are routinely segregated from non-TRU wastes to avoid increasing TRU 
waste unnecessarily. The total concentration, in FCi/mL, of six transuranic elements listed 
in Table 5-8 was compared to the limit for designating TRU waste (100 nCi/g, or 
0.1 pCi/g). The waste in tank 241-AP-104 is well below the limit for TRU waste. 

The heat generation caused by radioactive decay is calculated and modeled to ensure that 
high-hat waste is not discharged to a tank not designed for high heat. The slurry tanks used 
in conjunction with the evaporator (241-AW Tank Farm) are designed for 20,500 W 
(70,000 Btulhr). The heat load in tank 241-AP-104 was determined to be 90.5 W 
(309 Btulhr), well below the high-heat limit. 

Uniform and stress corrosion processes are sometimes controlled in tank waste by adding 
sodium hydroxide and salts of nitrate and nitrite. The concentrations of corrosion-preventing 
chemicals are maintained within boundaries which are determined by their relative 
concentrations and by the temperature of the tank waste. For tank 241-AP-104, the waste 
temperature is < 75 "C (167"F), and the Table 5-8 limits apply. For additional 
information, refer to Section 6.1.4 in Fowler (1995). 
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High concentration organic material must be kept out of the evaporator because it may carry 
over in the evaporator and contaminate the liquid effluent retention facility or the effluent 
treatment facility, causing deterioration of the liquid effluent retention facility liner or 
discharge of listed compounds at quantities which are above permit levels. For this reason, 
the operating level of the feed tank must be kept higher (100 in. rather than 6 in.) to prevent 
introduction of the organic material into the evaporator, thereby reducing the waste volume 
reduction rate. No separable organic layer was found. 

5.5.4.2 Safety Issues. Safety issues relate to personnel, the public, and the prevention of 
damage to equipment or the release of hazardous materials to theenvironment. -criticaiity, 
the release of radioactive materials, large energy releases, and maintenance of plant integrity 
are dealt with in the evaporator DQO. 

Criticality is prevented by controlling the concentration of fissile materials. The SAP for 
tank 241-AP-104 requires the analysis of 239’240pu and sets the limit at 0.005 glL. The 
conversion of the units g/L to pCi/mL is discussed in footnote 1 of Table 5-8; the conversion 
yielded a limit of 0.3075 pCilmL. The fissile content of the waste is < 3.45E-05 pCilmL, 
well below the limit. 

Radionuclides in candidate waste are measured to ensure that the concentrations of selected 
radionuclides will not be increased by waste volume reduction in excess of the boundary 
limits set by the Evaporator 242-A safety analysis report (Lavender 1993). The 
concentrations of most radionuclides listed in Table 5-8 are below the detection level or are 
present at a level well below the DQO limit. 

The reasons for measuring fuel content, the limits, and the analytical results are the same as 
for the process control issue. 

As discussed in the process control section, control of corrosion is directly related to plant 
integrity and thereby safety. The same analyses were performed, and they have the same 
limits and analytical results. 

5.5.4.3. Compliance Issues. Compliance issues are primarily pertinent to obtaining permits 
to discharge listed materials to the environment. The feed tank must be characterized 
adequately, and the evaporator must be operated correctly before compliance with permit 
requirements can be accomplished. The following is a discussion of each compliance issue, 
its limits, and its analytical results. Total fuel content has been discussed adequately in 
preceding sections and will not be discussed here. 

The ammonia content of the feed tank is measured to develop process controls so that the 
CERCLA reportable amount of ammonia of 100 pounds in any 24 hour period is not 
exceeded. An evaluation based on past data determined that the mean analytical result of 
71.6 pglmL would not exceed this limit when processed through the evaporator. 
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Vessel vent organic discharge levels are limited to three pounds per hour or 3.1 tons per 
year. In order to meet this standard, the concentrations of organic materials are measured in 
the feed tank. The limits are adjusted according to the ratio between the feed flow rate and 
slurry flow rate (R), according to the modifier (R-l)/R. At high boildown levels, the 
modifier is relatively large, allowing the presence of larger amounts of organic compounds in 
the feed tank. Conversely smaller amounts of organic compounds are allowed in the feed 
tank when the boildown rate is low. A TC-TIC screen is also performed to monitor for any 
major organic compounds which may have been missed. For further discussion, refer to 
Von Bargen (1995). 

The R value used for AP-104 was 2. This gives an effective limit to TC-TIC of 87.2. The 
measured value of TC-TIC for AP-104 was 204 thus exceeding the limit. In this case a 
technical evaluation (Le 1996, Appendix I) was performed as called for in the evaporator 
DQO. Based on this evaluation it was determined that additional organics identified in the 
TC-TIC calculation would not cause the emissions limit to be exceeded. 

Ammonia levels have no specific limit but are controlled so that the process condensate 
contains C 5,000 pg/mL of ammonia. This limit is derived from the "Dangerous Waste 
Regulations" (WAC-173-303) limit for extremely hazardous waste of one weight percent, or 
10,OOO pg/mL. Assuming a 50 percent volume reduction and 100 percent carryover of 
ammonia through the evaporator, the ammonia concentration is controlled to 5,000 pg/mL or 
less in the feed tank. The mean analytical result for ammonia was 71.6 pg/mL. 

In addition to complying with permit requirements for discharging organic compounds to the 
environment, organic compounds are also controlled to prevent the degrading of the high- 
density polyethylene liner in the Liquid Effluent Retention Facility. The limits for the 
organic compound were established by the manufacturer. The limits are higher than the 
concentrations typically seen and are adjusted by the (R-I)/R modifier to compensate for 
condensate flow rate. The analytes on the list are chosen because they have been seen in the 
process condensate. The TC-TIC screen is performed to monitor for any major organic 
compounds which may have been missed. All required organic compounds exhibited mean 
analytical concentrations much lower than their respective limits. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The waste in tank 241-AP-104 was grab sampled in January of 1996. Three DQOs were 
used to guide the process: the Tank Safely Screening Data Quality Objective (Dukelow 
et al. 19951, the Dara Qualiq Objectives for Tank Farms Waste Compatibility Program 
(Fowler 1995), and the 242-A Evaporator/Liquid Efluent Retention Facility Dara Quality 
Objectives (Von Bargen 1995). The requirements of the three DQOs were integrated into the 
Tank 241-AP-104 Grab Sampling and Analysis Plan (Conner 1996). 

Thirteen grab samples of tank waste were taken from riser (1@30") and riser (1@270"). 
The safety screening DQO requires measuring the total fuel content of the waste by DSC, 
weight percent water by TGA, specific gravity, total alpha activity by alpha proportional 
counting, and a. visual examination of the waste samples for an organic layer. The safety 
screening DQO also requires a determination of the flammability of the tank headspace 
gases. The waste compatibility DQO contains requirements which assist tank farm operators 
in performing waste transfers. The waste compatibility DQO required the same analyses as 
the safety screening DQO and, in addition, required analyses for selected metals, anions, 
radionuclides, and carbon. The data acquired in accordance with the evaporator DQO assist 
the evaporator operators in the safe and efficient operation of the evaporator. The data also 
enable evaporator and liquid retention facility operators to ensure that downstream facilities 
are not damaged and to fulfill all requirements of discharge permits. The evaporator DQO 
required the same analyses as the safety screening DQO and selected metals, anions, 
radionuclides, carbon, and physical properties. A boildown test was also performed to 
predict the behavior of the waste during and after concentration by evaporation. 

All analyses exhibited results well within the limits imposed by the safety screening, waste 
compatibility, and evaporator DQOs. The mean total alpha activity was 3.28E-04 pCi/mL, 
well below the safety screening DQO decision threshold of 41 pCi/mL; the DSC scans 
exhibited only endothermic reactions; no organic layer was detected; and the weight percent 
water results were 96.6 percent by TGA. The flammability of the tank vapor headspace was 
measured at 0 percent of the LFL. The analyses performed in accordance. with the waste 
compatibility DQO exhibited no results which would preclude waste transfers. The waste is 
non-TRU and not complexant; therefore it does not require segregation. The analyses 
performed to satisfy the evaporator DQO revealed that the waste is suitable for concentration 
by evaporation. 

The degree of vertical homogeneity suggests that the analyte concentrations will continue to 
increase below the 8 ft sample depth. Because no samples were taken in the bottom 8 ft, 
however, it is difficult to predict analyte concentrations in this region. For this reason, it is 
recommended that future sampling events include samples from near the tank bottom. 
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A.0 ANALYTICAL RESULTS DOUBLESHELL TANK 241-AP-104 

A. l  INTRODUCTION 

Appendix A provides the chemical and radiological characteristics of tank 241-AP-104 in 
table form and includes specific concentrations of metals, ions, radionuclides, total carbon, 
physical properties, volatile organic compounds, and semi-volatile organic compounds. 

The data table for each analyte lists the sample number, sample location, an original and 
duplicate result for each sample, a sample mean, an overall mean for the tank in which all 
samples are weighted equally, and a relative standard deviation. The data are listed in 
standard notation for values greater than .001 and less than 100,000. Values outside these 
limits are listed in scientific notation. 

A.2 ANALYTE TABLE DESCRIPTION 

The "Sample Number" column lists the grab sample number for which the analyte was 
measured. For sampling rationale, locations, and descriptions of sampling events, see 
Section 3.0. 

The "Sample Location" column lists the Labcore sample location. 

The "Result" and "Duplicate" columns are self-explanatory. The "Mean" column is the 
average of result and duplicate values. All values, including those below the detection level 
(<), were averaged. If both sample values were non-detected, the mean is expressed as a 
non-detected value. If one or both values were above the detection limit, the mean is 
expressed as a detected value. Superscript letters on the Mean values, for which the 
corresponding quality control violations are listed below, are quality control flags. 

"a" indicates a standard recovery below the quality control limit. 

"b" indicates a standard recovery above the quality control limit. 

c indicates a spike recovery below the quality control limit. 

"d" indicates a spike recovery above the quality control limit. 

"e" indicates that the RPD was outside the quality control limits. 

,I ,I . 

"f" indicates the presence of blank contamination. 

The "Overall Mean" column was calculated by averaging the primary and duplicate results 
for each sample. For analytes having more than one sample analyzed from a given sample 
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location (depth and riser), the sample means from that depth and riser were averaged to 
derive a depth mean. The depth means were averaged to derive a riser mean. Finally, the 
riser means were averaged to derive the overall tank mean. When 50 percent or more of the 
primary and duplicate measurements had detected results, the overall mean was reported as a 
detected value. Conversely, when greater than 50 percent of the individual primary and 
duplicate measurements had nondetected results, the overall mean was reported as a 
nondetected value. For those samples with some @ut less than half) measurements below the 
detection limit, the detection limit was used in the computation. This means that the reported 
summary statistics are biased. The magnitude of the bias cannot be estimated. As discussed 
earlier, means were assigned a detect or non-detect status depending on the relative number 
of non-detected values in the data set. Means for data sets having greater than 50 percent 
non-detected values were assigned a status of non-detect. 

The "Relative Standard Deviation" (RSD) column, is a measure of variance defined as the 
standard deviation divided by the mean. This number is expressed as a percent. 

The "Projected Inventory" column is the inventory estimate based on the overall mean for 
each analyte and the waste volume at the time of sampling, 4,258 kL (1,125 kgal), and the 
appropriate conversion factors. 

In the tables n/a means not applicable. 
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Table A-1. Tank 241-AP-104 Analytical Results: Aluminum. 

Table A-2. Tank 241-AP-104 Analvtical Results: Chromium. 

S96VoooO13 
S96VoooO26 19.35 

85.4 85.25 
S96VoooOlO 16.9 

52.9 147 



Table A-3. Tank 241-AP-104 Analytical Results: Iron. 

I 

Table A-4. Tank 241-AP-104 Analytical Results: Manmnese. 

S96VoooO26 < 0.8 < 0.8 < 0.8 
I I 

S96V000009 IRiser 1 ,  30"N 1 < 0.5 I < 0.5 I < 0.5 
I I 

S96VoooOlO < 0.1 I < 0.1 < 0.1 

n/a 



Table A-5. Tank 241-AP-104 Analvtical Results: Nickel. 

S96V000009 Riser 1 ,  30"N d 

< 0.666 I < 0.666 I < 0.666 
0.342 10.32 10.331 
< 1.6 I < 1.6 I < 1.6 
< 1  I <  1 I <  1 
0.338 10.313 10.3255 

< 0.697 n/a 

, 
S96VoooO13 18.2 8.06 13.13 
S96VoooO26 31.9 29.3 30.6 
S96V000009 Riser 1, 30"N 11.8 14.1 12.95 
S96VoooOlO 19.8 20.4 20.1 
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S96V000006 
S96V000007 

Table A-10. Tank 241-AP-104 Analvtical Results: Fluoride. 

Bser 1 ,  30"N 9.41 I n/a [ 9.41 
34.2 I n/a 34.2 

Sample 
Number 

I S96V000008 1 Riser 1 ,  270"N 1655.7 I 649 1652.35 I494 159.6 12.103 I 

Sample Sample Overall RSD Prujrded 
Location Result Duplicate Mean Mean (Mean) Inventory 

Liquids d i r e d  PUmL &nL pg/IUI, pglllll.. % kR 

S96V000006 
S96V000007 

Riser I ,  30"N 561.2 558 559.6 
113.9 112 112.95 



Table A-11. Tank 241-AP-104 Analytical Results: Nitrate. 

I2928 I2960 I2944 I 





? 
c 
h, 

Sample 
Number' I 

Table A-15. Tank 241-AP-104 Analvtical Results: Hvdroxide. 

Sample Sample Overall RSD Projected 
Location Result Duplicate Mean Mean (Mean) Inventory 

S96V000006 Riser 1, 30"N 2640 2640 2640 
S96V000007 464 460 462 

Liquids: direct 

I '  I 

P m L  pglnit, CI'mL !&mL % kl: 

Table A-16. Tank 241-AP-104 Analvtical Results: Ammonia 

S96V000008 
S96V000006 
S96V000007 

Riser 1, 270"N 133 nla 133 71.6 85.9 3% 
Riser 1, 30"N < 5 nla < 5  

15.4 nla 15.4 



Table A-17. Tank 241-AP-104 Analvtical Results: Americium-241 

1 < 1.4708-04 I < 1.410E-04 I < 1.440E-04 I 



S96V000009 
S96VoooO10 

Table A-20. Tank 241-AP-104 Analvtical Results: Cesium-134. 

Riser 1 ,  30"N < 0.03046 1 < 0.0307 I < 0.03058 
< 0.0238 I nla 1 < 0.0238 

Sample , Sample Sample Overall RSD Pro]ected 
Number Loeation Result Duplicate Mean Mean Wean) Inventory 

Lkpids: acid digest pCYint pCi/niI, pCilmL &i/inL % ci 
i 

I S96V000011 I Riser 1 .  270"N 1 0.00658 I nla 10.00658 I0.00471 150.5 I 18 44 I 
S96V000009 
S96VoooO10 

_. -_. 

Riser 1, 30"N < 0.002361 < 0.00237 < 0.0023655 
0.00183 nla 0.00183 



01oooOA96S 



PO-EIP19.6 > 
SLIEIOO’O > 

r-- 9Z9’0 > 

e/u PO-EIPl9.6 > OIoooOA965 
EE100’0 > SOEIOO’O > NoOE ‘I JaS% 600000A96S 

PO-XOPP’I > PO-3019’1 > PO-ZOLP’I > OIoooOA96S 
PO-3ooS’I > V u  PO-HOOS’I > NoOE ‘I Jas!X 6000001296s 

PO-HO9P’I > N,OLZ ‘I JasW IIoooOA96S 



90-3000'9 > 
90-35EZ'Z 

90-3065'5 > 90-EIOIP.9 > L00000h96S 
90-EIOE6'Z 90-EIOPS'I > NoOE '1 J?X 900000h96S 

LE900'0 > 
51ZZ800'0 > 

LE900'0 > 010000A96S 
2800'0 > EPZ800'0 > NoOE ' I  Jas!X 600000h96S 



? 
c 
W 

~ S96VooOoll 

Table A-27. Tank 241-AP-104 Analvtical Results: Neutunium-237. 

~ S96VooOo09 
S96VoooO10 

1.870E-04wn 
2. 020E-04QC a 

< 2.780E-04UC' 

< 2.14E-04 nla < 0.911 Riser I .  270"N 
Riser 1, 30"N 

1.870E-04 1 11; 
2.02OE-04 
< 3.050E-04 I < 2.5108-04 

Table A-28. Tank 241-AP-104 Analvtical Rewi l t< .  Ninhiiim-94 

S96VoooO09 Riser 1 ,  30"N < 7.39SE-04 < 7.18OE-04 I < 7.288E-04 

S96VoooO10 < 5.060E-04 nla I < S.060E-04 



Table A-30. Tank 241-AP-1 



3 
0 

S96VoooO10 

Table A-31. Tank 241-AP-104 Analvtical Results: Radium-226. 

< 0.04887 nla I < 0.04887 

S96V000009 Riser 1, 30"N < 0.04644 < 0.0464 < 0.04642 
S96VoooO10 < 0.03574 nla < 0.03574 



? 
!2 

Sample Sample Sample. Overall 

wuids: acid digest rCiimL pCimL pcumc SCilmL 
Number . Location Rermlt Uupllcatc Mcan Mean 

r 

Table A-33. Tank 241-AP-104 Analvtical Results: Selenium-79. 

S96V000011 
S96V000009 
S96VoooO10 

Riser 1, 270"N < 2.83E-07 n/a < 2.83E-07 < 3.50E-07 
Riser 1, 30"N < 4.230E-07 5.7308-07 4.9808-07 

< 4.230E-07 n/a < 3.37E-07 

(Mcan) Xnvcntory 

< 0.00128 fi 

Riser 1, 30"N 0.113 10,0994 I O .  1062 
0.0781 I n/a 10.0781 



z 
N 

S96VoooO11 
S96V000009 

Tahle A-35. Tank 241-AP-104 Analvtical Results: Technetium-%. 

0.00289 Riser 1, 270"N 0.00276 nla 0.00276 

Riser 1 ,  30"N 0.00521 0.00546 0.005335 

62.3 12.30 

S96VoooOtO I 10.000724 I nla 10.000724 I I 

Table A-36. Tank 241-AP-104 Analytical Results: Tritium. 

S96V000006 Riser 1, 30"N 0.000327 n/a 0.000327 
S96V000007 0.0125 0.0122 0.01235 



R 
W 

Sample 
Number 

Table A-37. Tank 241-AP-104 Analvtical Results: Total Aluha. 

Sample Sample Overall 
Location Remit Duplicate Mean Mean 

mukk adddiest rCimL pcilmL pci/mL /.lCi/mL 
Riser 1, 270"N 

Table A-38. Tank 241-AP-104 Analvtical Results: Total Beta. 

0.000361 I0.00034 I0.000351 0.000328 
0.000305 10.000236 I0.000271 

(Mean) Inventory a 
S96V000009 
S96VoooO 10 

Riser 1, 30"N 0.000236 10.000229 0.000233 
0.000451 0.000465 0.000458 

i Sample ' 
Number ' 

Riser 1, 30"N 6.25 16.23 16.24 
3.86 13.98 13.92 

Sample Sample Overall RSD Projected 
Location Result Duplicate Mean Mean (Mean) Inventory 

Liquids: acid digest pCifmL pCilmL FCilmL pCi/mL 9% Ci 
13.97 13.985 

3.75 13.79 13.77 
4.48 15.6 19,074 



z 
P 

S96V000006 Riser 1, 30"N 1550 
S96V000007 74 1 

1570 1560 
777 759 
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Note: 

~ ~~ 

2 110.198 1103.0 1,760 
1 19.952 1107.8 1,841 
2 10.01 1 107.8 1,945 

Riser 1, 30"N 1 10.126 109.8 1,799 
2 10.830 107.8 2,091 
1 19.840 1107.8 12,123 
2 19.500 1107.8 2,067 

AH = change in enthalpy (negative sign denotes exothermic reaction). 



S96VoooO12 0.996 1.011 1.0035 
S96V000006 Riser 1, 30"N 1.039 1.031 1.035 
S96V000007 1.001 0.995 0.998 

(Mean) Inventory x 
n/a I n/a 

nla 1.1 0.795 38.6 3.38 S96VoooO19 Riser 1, 270"N 1.1 

S96VoooO17 Riser 1, 30"N 0.57 n/a 0.57 
S96VoooO18 0.41 n/a 0.41 



I 

Table A-47. Tank 241-AP-104 Analytical Results: Tri-n-butyl Phosphate. 

I S96VoooO19 I Riser 1 ,  270"N I 8.8 I n/a 18.8 14.69 187.8 119.97 I 
S96VoooO17 Riser 1 ,  30"N 1-1 0.19 1 n/a IO .  19 

0.97 I n/a 10.97 l l  
Table A-48. Tank 241-AP-104 Analvtical Results: 1 . 1 .  I-Trichloroethane, 

196-3097 I Riser 1. 270"N 
96-3095 Riser 1, 30"N 

< 0.5 I nla < 0.5 

n/a < 2.13 
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. . . .. . . 



l o  

s o  > e/u 5'0 > 9606-96 
s o  > e/u S'O > N,OE ' I  JaSN S60t-96 

S'O > S'O > N,OLZ ' I  Jx!X L6OE-96 



Table A-54. Tank 241 -AP-100 Analvtiral RmIl t s :  1.2.4-Trimethvlbenzene. 

96-3097 I Riser 1 ,  270"N I < 0.5 < 0.5 < 0.5 1 < 0.5 (n la  I < 2.13- I 
96-3095 Riser 1, 30"N < 0.5 I n/a < 0.5 
96-3096 < 0.5 1 n/a < 0.5 

I I 

96-3096 1 Riser 1 ,  30"N I < 0.5 I n/a < 0.5 



? 
W w 

Sample , 
Number 

96-3095 Riser 1, 30"N < 0.5 nla < 0.5 
96-3096 < 0.5 nla < 0.5 

Table A-58. Tank 241-AP-104 Analvtical Results: 1.3,5-Trimethylbenzene. 
Sample Sample Overall RSD Projected 

Location Resnlt Duplicate Mean Mean (Mean) Inventory 
Liquids: direct pg/mL rdmL rd1nL pglmL % kg 
96-3097 
96-3095 
96-3096 

Riser 1, 270"N < 0.5 < 0.5 < 0.5 < 0.5 nla < 2.13 
Riser 1, 30"N < 0.5 nla < 0.5 

< 0.5 nla < 0.5 



? 
W W 

Sample Sample Sample Overall RSD meet4 
Number ]tocation Rermlt Duplicate Meall Mean (Mean) Inventory 

*~ Liquids: diredt fi%ntL fig/& &nL P a l a  % kg. 

Table A-59. Tank 241-AP-104 Analvtical Results: 1-Butanol. 

96-3097 
96-3095 
96-3096 

Riser 1 ,  270"N 37 39 3gW:d < 29.0 (n la  ( < 123.5 1 
Riser 1 ,  30"N < 20 nla < 20 

< 20 nla < 20 

Sample i Sample Sample Overall RSD Projected 
Number i Location Result Duplicale Meall Mean Mean) Inventory 

c Liquids: direct PdmL P g l d  rglmL PdmL % kg 

Table A-60. Tank 241-AP-104 Analvtical Rewlts: 2-Hexanone 

1 %%:: I Riser 1 ,  30"N < 0.5 I n/a 1 < 0.5 
< 0.5 I nla 1 < 0.5 

196-3097 I Riser 1 ,  270"N I < 0.5 I < 0.5 I < 0.5 I < 0.5 



z 
P 

Sample 
Number * 

Table A-61. Tank 241-AP-104 Analytical Results: 2-Pentanone. 

Sample Sample Overall RSD Projected 
Location Result Duplicate Mean Mean Wean) inventory 

Table A-62. Tank 241-AP-104 Analytical Results: 2-Butanone. 

Liquids: d d  PR/mL rid& cdmL pg/mL % kg 
196-3097 IRiser 1. 270"N I < 0.5 I < 0.5 I < 0.5 I < 0.5 In/a I < 2.13 1 
96-3095 
96-3096 

I I 

Riser 1 ,  30"N < 0.5 nla < 0.5 
< 0.5 nla < 0.5 



Table A-63. Tank 241-AP-104 Analytical Results: 4-Methyl-2-Pentanone. 
Sample Sample 
Number I 'Location Rcsult 

Uqucds: dired ag/mL 
96-3097 I Riser 1 .  270"N < 0.5 

Sample Overall RSD PlpjeUed 
Duplicate Mean Mcaii (Mean) lnveiitory 

CCglmL CglJa  C k m L  k ka 
< 0 5  < 0 5  < 0.5 n/a < 2.13 

I ~~;~&~ I Riser 1 ,  30"N 

Table A-64. Tank 241-AP-104 Analvtical Results: Acetone. 

< 0.5 I n/a I < 0.5 
< 0.5 I n/a I < 0.5 

Sample , Sample Sample Overall RSD Projected 
Number L o * l t l O l l  Result Duplicate Mean Mean (Mean) Inventory 

8 Liquids: dire& rcg/mL sdmL admL C R l U L  % kg 
96-3097 
96-3095 
96-3096 127 

Riser 1 ,  270"N 1.5 1.3 1.4wd 1.18 
Riser 1 ,  30"N < 0.5 nla < 0.5 

1.4 nla 1.4 

5.02 



? 
W m 

96-3097 
96-3095 
96-3096 

Table A-65. Tank 241-AP-104 Analvtical Results: Benzene. 

Riser 1 ,  270"N < 0.5 < 0.5 < 0.5 < 0.5 
Riser 1 ,  30"N < 0.5 n/a < 0.5 

< 0.5 nla < 0.5 

I %;Wtz I Riser 1 ,  30"N 

l n t a  

< 0.5 I n/a I < 0.5 
< 0.5 I n/a I < 0.5 

< 2.13 

Table A-66. Tank 24 1-AP-104 Analytical Results: Bromodichloromethane. 



Table A-67. Tank 241-AP-104 Analvtical Results: Bromoform. 

l~~;%~~ 1 Riser 1 ,  30"N < 0.5 I n/a I < 0.5 
< 0.5 I n/a 1 < 0.5 

Table A-68. Tank 241-AP-104 Analvtical Results: Bromornethane. 
Sample Sample Sample Overall RSD wjeeted ' 
N W W  Location Result Duplicate Mean Mean (Mean) Jnvenlory 

r kg Liquids: diredt CdmL P d d  r d m L  pi/mL % 

96-3097 
96-3095 
96-3096 

Riser 1 ,  270"N < 0.5 < 0.5 < 0.5 < 0.5 
Riser 1, 30"N < 0.5 nla < 0.5 

< n.5 nla < n s  



? 
W CQ 

Sample ' 
Number 

Table A-69. Tank 241-AP-104 Analytical Results: Carbon disulfide. 

Sample Sample Overall RSD Projected 
Location Result Duplicate Mean Mean (Mean) hvenlory 

196-3097 IRiser 1. 270"N I < 0.5 I < 0.5 I < 0.5 

Liquids: direct 

I ~~;W~~ I Riser 1, 30"N < 0.5 I n/a < 0.5 
< 0.5 I n/a I < 0.5 

FdmL PdmL rglmL pg/niL % kl: 

Table A-70. Tank 241-AP-104 Analvtical Results: Carbon tetrachloride. 

96-3097 
96-3095 
96-3096 

Riser 1, 270"N < 0.5 < 0.5 < 0.5 < 0.5 
Riser 1, 30"N < 0.5 n/a < 0.5 

< 0.5 n/a < 0.5 
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Sample 
Number i 

Liquids: direct 
96-3097 
96-3095 
96-3096 

Sample Sample Overall RSD Projected 
Location Result Duplicate Mean Mean (Meaki) lnveulory 

W m L  rglmL aglmL a g l d  % kg 
Riser 1, 270"N < 0.5 < 0.5 < 0.5 < 0.5 nla < 2.13  
Riser 1 ,  30"N < 0.5 nla < 0.5 

< 0.5 nla < 0.5 

Sample 
Number i 

Liquids: direct 

96-3095 

-, -.-I- _.I. -...-."..."...-.I. 
Sample Sample Overall RSD Projected 

Location Result Duplicate Mean Mean (Meaki) lnveulory 

W m L  rglmL aglmL a g l d  % kg 
I I . _." . "._l nla < 2.13 _ _  
Riser 1 ,  30"N < 0.5 nla < 0.5 





Table A-77. Tank 24 1-AP-104 Analytical Results: Isopropvlbenzene. 

I %;&:: I Riser 1 ,  30"N < 0.5 I n/a I < 0.5 
< 0.5 I n/a I < 0.5 

Table A-78. Tank 241-AP-104 Analvtical Results: Methvlene Chloride. 

96-3097 
96-3095 
96-3096 

Riser 1 ,  270"N < 0.5 < 0.5 < 0.5 < 0.5 nla < 2.13 
Riser 1 ,  30"N < 0.5 nla < 0.5 

< 0.5 nla < 0.5 



Table A-79. Tank 241-AP-104 Analytical Results: Styrene. 

Sample 
Number 

Table A-80. Tank 241-AP-104 Analytical Results: Tetrachloroethene. 
Sample Sample Overall RSD Projected 

Location Result Duplicate Mean Mean (Meail) Inventory 

I 
Liquids: direct cdmL c d d  CtglmL rdmL % kp, 

196-3097 I Riser 1. 270"N I < 0.5 I < 0.5 1 < 0.5 I < 0.5 ln/a  I < 2.13 I 
96-3095 
96-3096 

Riser 1, 30"N < 0.5 n/a < 0.5 
< 0.5 nla < 0.5 



Table A-81. Tank 241-AP-104 Analytical Results: Tetrahydrofuran. 

196-3097 IRiser 1 .  270"N I < 0.5 I < 0.5 I < 0.5 I < 0.5 
I I I I 

96-3095 IRiser 1 ,  30"N I < 0.5 I < 0.5 I 
196-3096 I 1 < 0.5 I n/a I < 0.5 I 

Table A-82. Tank 241-AP-104 Analvtical Results: Toluene 

196-3097 I Riser 1 ,  270"N I < 0.5 I < 0.5 I < 0.5 I < 0.5 
96-3095 Riser 1 ,  30"N < 0.5 I n/a < 0.5 
96-1(196 < 0 5  I nla I < 0.5 



Table A-83. Tank 241-AP-104 AnalvtirA R e w l t v  TrichlnrnethPne 

270"N I < 0.5 I < 0.5 I < 0.5 
t 
96-3095 Riser 1,  30"N < 0.5 I n/a I < 0.5 
96-3096 < 0.5 nla < 0.5 

Table A-84. Tank 241-AP-104 Analytical Results: Vinyl acetate. 



Table A-85. Tank 241-AP-104 Analvtical Results: Vinvl chloride. 
Sample Sample Sample Overall RSD Projected 
Number Location R w l t  Duplicate Man .Mean (Mean) Inventory 

I I Riser 1, 30"N 
196-3097 I Riser 1, 270"N I < 0.5 I < 0.5 I < 0.5 I < 0.5 Inla I < 2 . 1 3  I 

< 0.5 I n/a I < 0.5 
< 0.5 I n/a I < 0.5 I /  

Table A-86. Tank 241-AP-104 Analvtical Results: Xvlenes (total) 

96-3097 Riser 1, 270"N < 0.5 < 0.5 < 0.5 < 0.5 
96-3095 Riser 1, 30"N < 0.5 n/a < 0.5 
96-3096 < 0.5 nla < 0.5 

Table A-87. Tank 241-AP-104 Analvtical Results: cis-l.3-Dichloro~ro~ene. 

196-3095 I Riser 1, 30"N I < 0.5 I < 0.5 



Table A-88. Tank 241-AP-104 Analvtical Results: trans-l.3-Dichloroprouene, 
Sample sample Sample Overall RSD 
Number Location Rmlt Duplicate Meaii Mean (Mean) 

Liquid% direct d m L  r @ J h  lcglmL % 

hajected 
Inventory 

k@, 
96-3097 ]Riser 1, 270"N 1 < 0.5 1 < 0.5 I < 0.5 
96-3095 IRiser 1. 30"N I < 0.5 I n/a I < 0.5 

196-3096 

< 0.5 

< 0.5 I n/a I < 0.5 
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APPENDIX B 

HISTORICAL SAMPLING EVENTS 
DOUBLESHELL TANK 241-AP-104 
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B.0 HISTORICAL SAMPLING EVENTS 

B . l  INTRODUCTION 

Historical data have been located for four tank 241-AP-104 samples analyzed from May 12, 
1987 through March 1, 1988. The data, which were taken from Westinghouse Laboratory 
Sample Analysis Reports and a supporting document (Winters 1988) are summarized in the 
following sections. 

B.2 DESCRIPTION OF THE APRIL 1987 SAMPLING EVENT 

One sample (T-8530) from tank 241-AP-104 was taken on April 22, 1987 and analyzed on 
May 12, 1987 (see Table B-1). No details about the techniques used to extract the sample 
were available. The sample was a very pale, yellow liquid with no solids and no organic 
materials. The sample was collected at a depth of 4.76 m (15.62 ft). The composition of 
the tank's contents was noted as approximately 70 percent phosphate waste and 30 percent 
sulfate waste (Hanson 1987a). 

B.2.1 Sample Handling and Analysis 

No data were available about sample handling. The referenced data were obtained from a 
report analysis and referenced DSI (Don't Say It-Write It, informal internal memorandum) 
from G .  N. Hanson to distribution dated May 14, 1987. The sample analysis results are 
shown in Table B-1. 

B.3 DESCRIF'TION OF THE JULY 1987 SAMPLING EVENT 

One sample (T-513) was taken from tank 241-AP-104 on July 9, 1987, and analyzed.on 
August 5, 1987 (see Table B-2). No details about the techniques used to extract sample, or 
the riser used to obtain the samples were available. The physical appearance of the sample 
was a yellow-brown aqueous phase with less than one percent solids. The sample was 
collected at a depth of 9.52 m (31.23 ft). The composition of the tank's contents was noted 
as approximately 85 percent phosphate waste and 15 percent sulfate waste (Hanson 198%). 

B.3.1 Sample Handling and Analysis 

No data were available about sample handling. The referenced data were obtained from a 
report analysis and referenced DSI from G .  N. Hanson to distribution dated August 11, 
1987. The sample results are shown in Table B-2. 
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Na 
NO, 

I I Very pale yellow in color, no solids, no organic, 
< 1 mRad/hr Vis-OTR 

4.02E-0 1 M 
Nondetectible M 

I 

DH 9.64 

PO4 
SO4 
U 

1.4 1E-01 M 
2.90E-02 M 
2.44E-04 d l  

NO3 I <8.81E-05 IM 
OH I pH too low IM 

'03Ru 
1291 

239/240pu 

99TC 

3.10E-01 pCi/L 
Incomplete pCi/L 
1.94E-02 pCiIL 
4.24E-02 uCilL 

TOC I1.48E-01 I g/L Carbon 
C/R I1.50E-01 I Ib NaOH/gal 

I - 
Radiological Analysis I 

I "'Am I <9.77E-01 I uCi/L I 
Total Beta 15.575 I pci/L 
Total Alpha 1 <4.50E-02 I l c i / L  

t wco I2.56E+00 I uci/L 

Note: 
'Hanson (1987a) 
%ah contained in this table no longer represent the current tank contents. 
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P 
Me 

I DH I 11.46 I I 

8.04E-02 M 
4.57E-04 M 

F I < 6.80E-04 IM 
Ca I9.86E-05 IM 

PO, 
SO4 
U 

Cr I4.74E-05 IM 
Fe 15.23E-05 ] M  

1.65E-0 1 M 
1.53E-02 M 
2.09E-04 e/L 

I Na I2.21E-01 IM I 

"Mn 
1291 

" 9 9 u  

2.36E-01 pCi/L 
< 1.64E-02 pCi/L 
6.67E-02 uCilL 

NO3 I < 8.16E-03 IM 
NO, I 2.27E-05 ( M  

Total Alpha I4.58E-02 1 pCi/L 
6oco 13.62E-l-00 I uci/L 

I , r -  -- - 
I3'Cs I6.28E-01 I pcitL 

Note: 
'Hanson (1987b) 
9 a t s  contained in this table no longer represent the current tank contents. 
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B.4 DESCRWHON OF THE 1988 SAMPLING EVENT 

Twelve samples were taken from tank 241-AP-104 on December 3, 1987. The following 
text is derived from Winters (1988). The samples were taken from different depths and 
angles from the 10 cm (4 in.) riser 1. The Analytical System Laboratories characterized the 
12 waste samples for chemical and radiological constituents, and evaluated the homogeneity 
of the waste in the tank. The samples were joined into two composite samples (WI-549 and 
W-550) and analyzed. The 12 samples were mostly clear yellow liquid samples with a few 
dark specks. The 12 500 mL samples were received in plastic bottles. Each sample was 
sealed in an ice cream carton with tamper-indicating tape. No seal had been disturbed upon 
arrival. Table B-3 contains the information for the 12 samples. No further details about the 
techniques used to extract samples from tank 241-AP-104 were available. 
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Table B-3. Results from Composite Sample Analyses.'.' (3 Sheets) 

Total solids 
Centrifuged 
solids 

11.019 I 1.022 11.001 I 1.008 I 
-__ wt% 

wt % 

3.15 3.22 _ _ _  
0.14 o.13 ... _ _ _  

~ _ _ _  Be 

1 H-0 1 96.80 I 96.80 Iwt% I 

~ 1 PPm _ _ _  _ _ _  ___  

I AE I < 6.300E-01 I < 6.300E-01 I < 6.30E-01 I < 6.30E-01 luum I 

Cr 
cu 
Fe 

~ 

A1 I < 2.520E+00 1 < 2.720E+00 I < 2.52E+00 I < 2.52E+00 lppm 
Ba I < 1.743E+00 I < 1.740E+00 I < 1.74E+00 1 < 1.74E+00 luum 

1.795E+ 00 1.580E+ 00 1.94E+00 1.51E+00 ppm 
< 6.720E-01 < 7.040E-01 < 6.72E-01 < 6.72E-01 ppm 
2.069E+00 2.403Ef00 2.36E+00 2.42E+00 uum 

K 
Mg 
Mn 

Ca I l.lllE+OO 11.753E+00 I1.28E+00 I 1.66E+00 1 ppm 
Cd I < 5.250E+00 1 < 5.250Ef00 1 < 5.25Ef00 I < 5.25E+00 luum 

< 6.090E+01 < 6.38OE+Ol < 6.09E+01 ~ < 3.09E+01 ppm 
1.607E+OO 1.688E+00 1.62E+00 1.57E+00 ppm 
< 1.218E+01 < 1.276E+01 < 1.22E+01 < 1.22E+01 pprn - _  

Mo I < 1.239E+01 I < 1.298E+01 I < 1.24E+01 I < 1.24E+01 l m m  1 
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F 
s 0 4  

PO, 
NO, 

Table B-3. Results from Composite Sample Analyses.',* (3 Sheets) 
Waste Tank 241-AP-104 

< 6.72OE-04 < 6.72OE-04 < 6.720E-04 < 6.720E-04 M 
1.440E-02 1.390E-02 1.960E-02 2.210E-02 M 
1.590E-01 1.530E-01 1.850E-01 1.880E-01 M 
2.020E-03 2.020E-03 2.020E-03 2.02OE-03 M 

I March 1. 1988 I 

NO? 
OH 
CO, 
S 
CN 

1.860E-05 1.8 10E-05 1.470E-05 1.64OE-05 M 
Too Low Too Low Too Low Too Low --_ 
2.850E-02 2.87OE-02 2.78OE-02 2.780E-02 M 
No Method No Method No Method No Method --- 
< 1  < 1  < 1  < 1  uelmL 
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239'240P~ 

%'Am 
237ND 

Table €3-3. Results from Composite Sample Analvses.',2 (3 Sheets) 

1.59E-03 7.45E-05 1.08E-03 1.02E-03 pCilL 
8.25E-04 7.42E-04 9.54E-03 8.70E-04 pCi1L 
< 2.700E-01 < 2.700E-01 < 2.7OOE-01 < 2.7OOE-01 uCi/L 

Waste Tank 241-AP-104 
March 1, 1988 

'"CS 

"Mn 

I '%e I No Method 1 No Method I No Method 1 No Method I uCilL I 

___  _ _ _  pCi/L 
6.71E+00 6.59E+OO 6.90E+00 6.67E+00 pCi/L 
1.56E-01 6.20E-02 1.59E-01 1.88E-01 uCilL 

--_ _ _ _  

' 3 r  I2.98E-02 I 3.54E-02 13.48E-02 I3.74E-02 I pCi1L 
V C  I 3.82E-02 14.28E-02 I4.80E-02 I4.39E-02 I uci/L 
1291 I < 2.51E-02 I < 3.09E-02 I < 4.82E-02 1 < 3.07E-02 IpCi/L 
Total Alpha 1 8.83E-03 I6.59E-03 I7.97OE-03 I7.760E-03 I pCi/L 

2MCm I 1.26E-03 I 9.62E-04 1 1.26E-03 I9.35E-04 I pCi1L 
l3'Cs 14.96E-01 16.68E-01 14.62E-01 14.84E-01 I UCUL 

('"RuRh I < 4.70E-01 11.04E+00 I9.98E-01 I1.10e+00 (pCiIL 1 
Note: 

'Winters (1988) 
'Data contained in this table no longer represent the current tank contents. 
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APPENDIX C 

UPPER LIMITS TO ONESIDED 95 PERCENT CONFIDENCE INTERVALS 
ON THE MEAN FOR DOUBLESHELL TANK 241-AP-104 
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C.0 UPPER LIMITS TO ONE-SIDED 95 PERCENT CONFIDENCE INTERVALS 
ON THE MEAN FOR DOUBLESHELL TANK 241-AP-104 

Sample . ResuU Duplicate Sample 
Number Loeation F C Y ~ L  1 p ~ i / m ~  

C.l  INTRODUCTION 

Table C-1 shows the upper 95 percent confidence interval limits for the total alpha activity 
analyses. The limits were calculated for each sample-duplicate pair and are compared with 
the DQO limit for total alpha activity (61.5 pCi/mL). If the upper 95 percent confidence 
limit is less than 61.5 pCi/mL, the total alpha activity is also less than 61.5 pCilmL . 

95% upper 
Sample Confidewe 
Mean L e v 4  

p c i / m ~  p C i l m ~  

Table C-1. 95 Percent Upper Confidence Limits for Total Alpha 

1, 270"N 3.610E-04 13.4OOE-04 13.505E-04 14.88E-04 
3.050E-04 12.36OE-04 12.705E-04 14.17E-04 

Riser 1, 30" N 4.510E-04 I4.650E-04 14.58OE-04 15.02E-04 
2.360E-04 I 2.290E-04 I 2.325OE-04 I2.55E-04 

Notes: 
The 95 percent upper confidence limits were calculated by Los Alamos Technical Associates 

'Miller (1996) 
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	TANK DESCRIPTION
	Bo= shape Flat
	Ventilation Active
	Dilute noncomplexed
	101 kL (27 kgal)
	Integrity Sound
	Waste Volume 4,258 kL 1,125 kgal)
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