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EXECUTIVE SUMMARY 

This tank characterization report summarizes information concerning the historical uses 

of tank 241-TY-104, its status, recent sampling efforts·, and the results of analysis of the 

waste which it contains. This report supports the requirements of the Hanford Federal. 

Facility Agreement and Consent Order Milestone M-44-08 (Ecology et al. 1994) and 

Ferrocyanide Tank Safety Program Milestone T2B_-~5-123 (Jordan 1994). 

Tank 241-TY: 104 is one of six single-shell tanks located in the TY Tank Farm in the 

Hanford Site's 200 West Area. It is the second tank in a two-tank cascade with 

tank 241-TY-103. Tank 241-TY-104 went into service in 1953 with receipt of tributyl 

phosphate waste (also called uranium recovery waste) through the cascade line. Later, 

tank 241-TY -103. also received ferrocyanide scavenged first cycle waste. The only other 

waste received by tank 241-TY-104 was supernatant from other tanks in the TY and TX 

Tank Farms. The tank was removed from service in 1974 and categorized as an assumed 

leaker in 1981. Interim stabilization (1983) and intrusion prevention (1982) have since been 

completed. The tank is included on both the Ferrocyanide and Organic Watch Lists.· 

A description and status of tank 241-TY-104 are summarized in Table ES-1 and 

Figure ES-1. The tank, which has an operational capacity of 2,870 kL (758 kgal), presently 

contains 174 kL (46 kgal) of waste, 163 kL (43 kgal) of which is existing as sludge and 

11.4 kL (3 kgal) as supernatant (Hanlon 1995). 

ES-1 
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Table ES-1. Description and Status of Tank 241-TY-104. 

Type Single-shell 

Constructed 1951-1952 

In-service 1953 

Diameter 22.9 m (75 ft) 

Usable depth 7 m (23 ft) 

Capacity 2,870 kL (758 kgal) 

Bottom shape Dished 

Ventilation Passive 

l::!:I:I:!::::1l::=1:1::::1:I:::::1::;::::1r:i:lI:!;:;i::l ::::::::::::::::Ii:: :==;:: ::::::1::::::iI1\]i::ttfiJi::~~~t(@!i;pl::~y;;:~~®t:::::::I; :liI!{i!!::::Ii:::::::::::::::1:::::r::::::::;:1;::::::::::::::;:1i1::::::::::::::1;i:: :::::1:::::: 

Total waste volume 174 kL (46 kgal) 

Sludge volume 163 kL (43 kgal) 

Drainable interstitial liquid 45.6 kL (12 kgal) 

Supernatant volume 11. 4 kL (3 kgal) 

Waste surface level by FIC (6/21/95) 59.9 cm (23.6 in)b 

Temperature (1/76 to 1/94) 34 °C (94 °F) to 12 °C (53 °F) 

Integrity Assumed leaker 

Watch list 

Removed from service 

Interim stabilized 

Intrusion prevention 

"All tank status data from Hanlon (1995). 

1974 

1983 

1982 

'Zip cord readings performed prior to February 199S auger sampling show the waste surface level at 
approximately 30.5 cm (12 in.). The discrepancy between surface readings may be attributed to the FIC probe 
contacting a pool of liquid waste under Riser 1 or possibly an uneven (non-level) waste surface. 

ES-2 



Auger Sampled 
1995 

Core Sampled 
1985 

Ferrocyanide and 
Organics Watch Lists 

9613~5h .. 063 
WC- -WM-ER-481 REV 0 

Figure _ES-1. Tank 241-TY-104. 
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This report summarizes two sampling and analysis events. The waste composition is 

based on six core samples obtained in 1985 and two auger samples acquired in 1995. The 

data from the 1985 sampling event are considered to be a best estimate since there have been 

no transfers to or from the tank since 1974. The information obtained from this sampling 

event is the best available data because a more recent analysis of the chemical and 

radiochemical constituents has not been performed. The 1995 sampling and analysis were 

performed according to three data quality ··objectives·(PQO); Tank Safety Screening DaJa 

Quality Objective (Babad and Redus 1994), DaJa Quality Objective to Support Resoiution of 

the Organic Fuel Rich Tank Safety Issue Developed through the DaJa Quality Objectives 

Process (Babad et al. 1994), and DaJa Requirements for the Fe"oeyanide Safety Issue 

Developed through the DaJa Quality Objectives Process (Meacham et al. 1994). 

None of the notification thresholds of the applicable DQOs were exceeded. The 

headspace flammability, as measured by combustible g~ meter, was less than 1 % of the 

lower flammability limit (Meacham 1995a). · The fuel content of the sludge was measured on 

the 1995 auger samples by differential scanning calorimetry. No exothermic reactions were 

found. 

The lack of energetics and the high nickel concentrations (Table ES-2) indicate that this 

ferrocyanide has degraded. A hot persulfate analysis for total organic carbon (TOC) found 

867 micrograms of carbon per gram (µg C/g) (wet weight). Since the energy equivalent of 

this result was < 75 percent of the differential scanning calorimetry value, a secondary 

analysis for TOC using the furnace oxidation method was performed (Miller 1995b). Results 

ES-4 
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Table ES-2. Concentrations and Inventories for Major Analytes and 
Analytes of Concern in Tank 241-TY-104 Sludge. 

Densicya 1.69 g/mL 

Percent water (weight? 51.8 

Heat load• 325 W (1,110 Btu/hr) 

Aluminum 9,080 2,670 

Bismuth 17,800 5,230 

Chromium 1,410 415 

Iron 32,600 9,580 

Phosphorus 26,200 7,700 

Lead 576 169 

Nickel 1,490 438 

Sodium 113,000 33,200 

Uranium 19,500 5,730 

46;600•• - 13,700 

12,200 3,590 

Total inorganic carbon 6,040" 1,770 

Total organic carbon · 3,620" 1,060 

137Cs 45.4 13,300 

239!240pu 

90Sr 

"Based on analysis of 1985 core samples. 
bf3ased on analysis of 1995 auger samples. 
1 Ci= 3.7 E+lO Bq. 

0.180 52.9 

132 38,800 

ES-5 
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using this method were higher (6,370 µg C/g) (wet weight), but were substantially less than 

the 30,000 µ.g C/g limit specified in the Organic DQO (Babad et al. 1994). Also, TOC 

determinations for the 1985 core samples found 1,930 µg C/g in the sludge and 2,110 µg C/g 

in the drainable liquid which are comparable with the 1995 TOC hot persulfate results. 

. None of these results show TOC concentrations at levels of concern or that significant fuel 

might be present. 

The sludge was found to contain an average of 51. 8 percent water (by weight) from a 

thermogravimetric analysis on the 1995 auger samples. Total alpha activity results from both 

sampling events were well below the Safety Screening DQO decision limit of 1 g/L ( or 

36.4 µCi/g). The 1995 total alpha result was 0.145 µCi/g, while the 1985 value was 

0.319 µCi/g . The heat generated by the radioactivity in the sludge is 1,110 Btu/hr (325 W). 

This value is much less than the 40,000 Btu/hr limit separating high heat from low heat 

tanks. Since 1976, temperatures have ranged from 12 °C (54 °F) to 34 °C (93 °F). Based 

on the analytical results, the waste does not appear to have any immediate safety concerns: 

The concentration and tank inventories for the major constituents and analytes of 

concern in the sludge are summarized in Table ES-2. Because the sludge is from uranium 

recovery, it can be expected to contain high concentrations of water, uranium, sodium, iron, 

hydroxide, nitrate, carbonate, and sulfate. However, only the analytical results for water, 

sodium, and uranium were close to the expected levels. Hanlon (1995) and Borsheim (1991) 

report 12,000 g moles of ferrocyanide were originally placed in the.tank in the 1950's. 

Interestingly, based on the Tank Layer Model, no organic carbon or ferrocyanide is predicted 

to be in the tank (Brevick et al. 1995). 

ES-6 
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1.0 INTRODUCTION 

This report presents an overview of single-shell tank 241-TY-104 (hereafter, 
tank 241-TY-104) and its waste contents. It provides estimated concentrations and 
inventories for the waste components based on the latest sampling and analysis activities and 
background tank information. Results of the two most recent sampling events, auger 
sampling in 1995 and core sampling in 1985, are presented in this document. The tank is 
categorized as an assumed leaker, and is included on both the Ferrocyanide and Organic 
Watch Llsts. 

The tank was removed from active service.-in-19.74.-and-presently contains sludge and 
supernatant left behind by the uranium recovery (UR) process. The concentration and 
inventory estimates reported in this document reflect the current composition of the waste 
based on the available data. This report supports the requirements of the Hanford Federal 
Facility Agreement and Consent Order Milestone M-44-08 (Ecology et al. 1994) and 
Ferrocyanide Tank Safety Program Milestone TIB-95-123 (Jordan 1994). 

1.1 PURPOSE 

The primary purpose of this report is to summarize the information about the use and 
contents of tank 241-TY-104. Where possible, this information will be used to assess issues 
associated with safety, operations, and process development activities. This report also 
provides a reference point for more detailed information about tank 241-TY-104. 

1.2 SCOPE 
• .•.· l •· "' ~ • -- • -

The six core samples obtained in 1985 were acquired to provide waste characterization 
in support of the proposed dome-fill tests on the 241-TY Tank Farm. The dome-fill tests 
were based on a proposal to fill the SSTs with suitable material to· minimize the effects of 
eventual dome collapse (Weiss 1986). The samples were analyzed for metals, anions, and 
radionuclides. The common safety screening analyses for percent water and differential 
scanning calorimetry were not performed, and other than total inorganic and organic carbon, 
no specific organic analyses were conducted. 

The two auger samples taken in 1995 were obtained in accordance with the Tank Safety 
Screening Data Quality Objective (Babad and Redus 1994). Since tank 241-TY-104 is on the 
Organic and Ferrocyanide Tank Watch Lists, the two documents, Data Quality Objective to 
Support Resolution of the Organic Fuel Rich Tank Safety Issue (Babad et al. 1994) and Data 
Requirements for the Ferrocyanide Safety Issue Developed Through the Data Quality 
Objectives Process (Meacham et al. 1994) also governed the sampling event. Sampling and 
analysis activities are focused on either verification of the Watch List tank status or 
identification of any unknown safety issues associated with the tank. The Ferrocyanide 
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Safety Program has created a characterization priority list of tanks that bound ferrocyanide 
degradation (aging) (Meacham et al. 1995b). Since tank 241-TY-104 is not included on the 
priority list, not all of the analyses required by the Ferrocyanide Data Quality Objective 
(DQO) were performed. Sample material was archived so that analyses could be run in the 
future if needed by the Ferrocyanide Safety Program. 

Terms such as waste types, waste generating processes, and such, generally are not 
defined in this document; detailed explanations of these and many other tank: farm or 
Hanford Site terms can be found in WHC-SD-WM-TI-648, Tank Characterization Reference 
Guide (De Lorenzo et al. 1994). 
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2.0 HISTORICAL TANK INFORMATION 

This section describes tank 241-TY-104 based on historical information. The first part 
of the section details the current condition of the tank, followed by discussions on the tank's 
background, transfer history, and process sources that contributed to the tank waste, 
including an estimate of the current contents based on the process history. Events that may 
be related to tank safety issues such as potentially hazardous tank contents (ferrocyanide or 
organic compounds) or off-normal operating temperatures that could cause tank damage or 
chemical reactions are discussed. The second part of this section details any surveillance 
data available for the tank. Solid and liquid level data are used to determine tank integrity 
(leaks) and to provide clues to internal-activity.in -the solidlcrustlayers of the tank 
(i.e., slurry growth from gas evolution with subsequent burping and collapse, or shrinkage 
from consolidation or drying). Drywell activity monitoring is noted where anomalies may 
suggest leaking of nearby tanks. Temperature data are provided to evaluate the -heat 
generating characteristics of the waste. 

2.1 TANK STATUS 

As of the May 1995 Waste Status Report (Hanlon 1995), tank 241-TY-104 contained 
174,000 L (46,000 gal) of waste classified as non-complexed. Approximate volumes of the 
different waste phases are shown in Table 2-1 (Hanlon 1995). 

Table 2-1. Summary Tank Contents Status. 

Total waste 174 (46) 

Sludge 163 (43) 

Salt cake · 0 (0) 

Supernatant 11.4 (3) 

Drainable interstitial liquid 45.6 (12) 

Drainable liquid remaining 57 (15) 

Pumpable liquid remaining 0 (0) 
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The tank is on the Ferrocyanide and Organics Tank Watch Lists. Presently, the waste 
is classified non-complexed, principally composed of ferrocyanide scavenged first cycle (lC) 
waste and UR waste. None of the drywells surrounding tank 241-TY-104 have indicated 
tank leakage. • 

2.2 TANK DESIGN AND BACKGROUND 

The TY Tank Farm was constructed between 1951 and 1952 in the 200-West Area. 
The TY Tank Farm contains six Type II 100 series tanks. These tanks are 2,870,000 L 
(758,000 gal) , 22.86 m (75 ft) in diameter with a 7-m (23 ft) operating depth. 
Tank 241-TY-104 first went into operation in the third quarter of 1953. Built as one of the 
second generation tank farms, the TY.Tank Farm was designed for nonboiling waste with a 
maximum fluid temperature of 104 °C (220 °F). Tank 241-TY-104 is second in the two 
tank cascade of tank 241-TY-103 and 104. A 76 mm (3 in.) diameter cascade overflow line 
connects the two tanks. The bottom center elevation of 241-TY-103 is 190.3 m (624.3 ft) 
cascading to Tank 241-TY-104 with a bottom elevation of 190 m (623.3 ft) above mean sea 
level. The cascade overflow height is approximately 7.19 m (283 in.) from the dished tank 
bottom and 0.6 m (2 ft) below the top of the steel liner. 

The TY Tank Farm tanks have dished bottoms with a 1.2 m (4 ft) radius knuckle. 
Similar to all other single-shell tank farms, they are designed with a primary carbon steel 
liner (ASTM A283 Grade C) and a concrete dome with various risers. The riser layout was 
modified from the first generation for better access to the tank. The tanks are set on a 
reinforced concrete foundation. A three-ply cotton fabric waterproofing was applied over the 
foundation and steel tank. Four coats of primer paint were sprayed on all exposed interior 
tank surfaces. Tank ceiling domes were covered with three applications of magnesium 
zincfluosilicate wash. Lead flashing was used to protect the joint where the steel liner met 
the concrete dome .. . Asbestos. gaskets. were used to .. seal the manholes in the tank dome. The 
tanks were waterproofed on the sides and top with tar and gunnite. F.ach tank was covered·· 
with approximately 2.43 m (8 ft) of overburden. (See Figure 2-1.) 

The surface level is monitored through Riser 1 with a Food Instrument Corporation 
level monitor. Tank 241-TY-104 has 12 risers ranging in size from 100 mm (4 in.) diameter 
to 1.07 m (42 in.) diameter. Table 2-2 shows riser number, size and descriptions. A plan 
view that depicts the riser configuration is shown as Figure 2-1. This constitutes all installed 
equipment for 241-TY-104. Risers 3 and 15 which are 100 mm (4 in.) in diameter and 
Riser 5 which is 300 mm (12 in.) diameter are available for use. A tank cross-section 
showing the approximate waste level along with a schematic of the tank equipment is found 
in Figure 2-2. 

Tank 241-TY-104 is out of service as are all single-shell tanks. This tank is 
categorized as · an assumed leaker and has been interim stabilized with intrusion prevention 
completed. The tank is passively ventilated. 
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Figure 2-1. Riser Configuration of Tank 241-TY-104. 
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Table 2-2. Tank 241-TY-104 Risers. 

lrllllll!1r~illll!lilllllll!lliii1llll!il!1!11il1!!iil!lll:l:lllllll!llllll;ililiil!l!!iii::ii] !liililliilil!iif1f!!l!ii1\ll•Bll!ll• ll-llll~lllllll~1iil1ll!l111lll:!li1i 
Rl 4 FIC 

R2 4 WC 

R3 4 Temperature vapor probe 

R4 4 Temperature probe 

. R5 12 Flange/B - 222 Obsv port, BM 

R6 12 Pump WC 

R7 12 Breather filter 

RS 12 Saltwell screen and pump, BM 

R11 12 Air inlet stack with blind flange 

R13 42 BG 

R15 4 Flange 

Rl8 4 WC; sampled in 1995 

Nl 3 Cascade inlet from Tank 24 l-TY-103 

N2 3 Outlet to crib 

N3 3 Spare 

N4 3 Spare 

N5 , , ' , 3 . ' Spare - , ..... ... 

N6 3 Spare 

BG = below grade. 
BM = benchmark:. 
FIC = Food Instrument Corporation gauge. 
WC = weather covered. 
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Figure 2-2. Cross-section View of Tank 241-TY-104. 
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2.3 PROCESS KNOWLEDGE 

These sections present the transfer history of tank 241-TY -104 and describe the process 
wastes transferred. Section 2.3.1 and Table 2-3 present some major transfers that involved 
tank 241-TY-104 along with a narrative describing the transfers. This information was 
obtained from the Waste Status and Transaction Record Summary for the Nonhwest Quadrant 
(WSTRS) (Agnew et al. 1995a). 

Table 2-3. Tank 241-TY-104 Major Transfers. 

1953:3 -' 1955:1 TY-103 TBP 5,326 (1,407) TY-104 Cascade from TY-103 

1953:4 - 1953:4 TY-104 SU -2,446 (-646) TX-118 242-T Evaporator feed 

700 kgal through a 
1955:1 - 1955:1 TY-103 lCFeCN 3,220 (850) TY-104 transfer, 150 k:gal 

through the cascade 

1955:1 - 1955:1 TY-104 SU -2,684 (-709) TX-109 

1955:3 - 1955:3 TY-104 SU -2,404 (-635) Crib T~6 

1959:3 - 1961:3 TX-118 SU 2,328 (615) TY-104 

1959:3 - 1959:3 TY-106 SU 261 (69) TY-104 

1966:3 - 1970:2 TY-104 SU -5,342 (-1,411) TX-118 242-T Evaporator feed 

1967:2 - 1967:4 TX-115 SU 2,491 (658) TY-104 . 

1970: 1 - 1970:4 TY-103 SU 3,312 (875) TY-104 

1974:1 - 1974:1 TY-104 SU -2,567 (-678) s-ao·· 

1974:3 - 1974:4 TY-104 SU -11 (-3) TY-102 

Qtr = quarter. 
SU = Supernatant (liquid considered free of contamination to the extent it could be pumped to 

a crib); may have allo included decontarninari-.;,n wastes. 
TBP = Tributyl phosphate waste from solvent baaed uranium recovery operation in the 1950's 

(renamed to uranium recovery [UR] waste). 
lCFeCN = First cycle waste scavenged with ferrocyanide. 

2.3.1 Waste Tramfer History 

Waste was initially added to tank 241-TY-104 in the third quarter of 1953 with the 
cascade of tributyl phosphate (TBP) waste from tank 241-TY-103. Tank 241-TY-104 
intermittently received TBP waste from tank 241-TY-103, by cascade, until the second 
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quarter of 1954. In the first quarter of 1955, Tank 241-TY-103 began receiving ferrocyanide 
scavenged first cycle waste (lCFeCN), which was sent to Tank 241-TY-104 via the cascade 
and through the pump . pit risers. 

Supernatant was pumped from tank 241-TY-104 to tanks 241-TX-118, 241-TX-109, 
and crib T-026 during the fourth quarter of 1954, the first quarter of 1955, and the 
third quarter of 1955, respectively. Tank 241-TY-104 received supernatant from 
tank 241-TX-118 intermittently from the third quarter of 1959 to the third quarter of 1961. 
Also, during the third quarter of 1959, tank 241-TY-104 received supernatant from 
tank 241-TY-106. Tanks 241-TX-115 and 241-TY-103 were also active in sending 
supernatant to tank 241-TY-104 from the second quaner of 1966 until the fourth quarter of 
1967 and from the first quarter of 1970 until the founh quarter of 1970, respectively. The 
last major transfer of supernatant from tank 241-TY-104 occurred during the first quarter of 
1974 to tank 241-S-110. 

Tank 241-TY-104 was removed from service in 1974. Tank 241-TY-104 is 
categorized as an assumed leaker (with a leak of approximately 5.3 kL [1.4 kgal] in 1981) 
(Hanlon 1995). 

A synopsis of the major waste transferred through 241-TY-104 is as follows in 
Table 24. From Table 2-4 it appears that 1,484 kL (392 kgal) of waste remain in the tank 
instead of the 174 kL (46 kgal) reported in Hanlon (1995). The discrepancy is caused by the 
lack of a complete transfer history and unknown removals of waste. 

Table 2-4. Synopsis of Major Waste Transferred. 

1::i:::::;1:1iif1iiii!!l:1::1::::1::::::::::i1::~:1::,1:1:r1:11a11r~111t1~1t1::::1:i1111::1:1:111:;1111;J11::::u~:1:i:1::;::11:i~111•11:11:1m1t11~i:1;,1:::::11::~11 
Addition ·of TBP ·(also · known as-UR) - ·· ··-· · ·· - · 5,-326-(1,-407) 

Addition of lCFeCN 3,220 (850) 

Addition of SU 8,392 (2,217) 

Transfer out of SU 15,454 (4,082) 

SU = supernatant. 
TBP = tributyl phosphate. 
UR = uranium recovery. 
lCFeCN = ferrocyanide scavenged first cycle waste. 

2.3.2 Historical Estimation of Tank Contents 

This section contains an estimate of the contents for Tank 241-TY-104 based on 
historical transfer data. The historical data used for the estimate is WSTRS (Agnew et al. 
1995a), the Hanford Defined Waste (HDW) list (Agnew 1995) , and the Tank Layer Model 
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(TLM) (Agnew et al. 1995b). WSTRS is a compilation of available waste transfer and 
volume status data. The HDW provides the assumed typical compositions for 50 separate 
waste types. In some cases the available data are incomplete reducing the usability of the 
transfer data and the modeling results derived from it. The TLM takes the WSTRS data, 
models the waste deposition processes, and using additional data from the HDW (which may 
introduce more error) generates an estimate of the tank contents. Thus, these model 
predictions can only be considered an estimate that requires further evaluation using 
analytical data. The estimate is presented in the Historical Tank Content Estimate 
(Brevick et al. 1995). 

Based on the Tank Layer Model (Agnew et al. 1995b), tank 241-TY-104 contains 
163 kL (43 kgal) of UR (also known as TBP) type waste and 11 kL (3 kgal) of supernatant. 
Figure 2-3 shows a graphical representation of the estimated waste type and volumes for the 
tank layers. The bottom layer has been determined to be waste type UR, while the top layer 
is supernatant. The UR waste should contain large amounts of sodium, sulfate, nitrate, iron, 
uranium, hydroxide and water. Also present should be phosphate, 137Cs, and ~r. These 
radionuclides (of which strontium has the higher concentration) will produce a modest 
activity. Table 2-5 shows an estimate of the expected waste constituents and their 
concentrations. 

2.4 SURVEILLANCE DATA 

Tank 241-TY -104 surveillance consists of surface level measurements, temperature · 
monitoring inside the tank (waste and vapor space from two instrument trees, including the 
temperature vapor probe installed in Riser #3), and leak detection well (drywell) monitoring 
for radioactivity outside the tank. Surveillance data are significant because they provide the 
basis for de~g tank integrity. 

Liquid level measurements are used k> determme ·the existence ·of.a ·major-leak from 
the tank. Solid surface level measurements provide indications of physical changes and 
consistency of the solid layers of the tank. Drywells located around the perimeter of the tank 
are used to detect increased radioactivity from a tank leak to the soil. 

2.4.1 Surface Level Readings 

A Food Instrument Corporation (FIC) gauge is used to measure the surface level of 
tank 241-TY-104. The FIC gauge is installed in Riser 1. Manual readings are required 
daily if the FIC gauge fails. The readings taken between January 1, 1991 and 
October 6, 1994 indicate a steady waste level with the readings ranging between 57 cm (22.5 
in.) to 60 cm (23.8 in.). On June 21, 1995, the surface level measured 59.9 cm (23.6 in.). 
A graphical representation of the surface level history is provided in Figure 2-4. 
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Figure 2-3. Tank Layer Model. 
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Table 2-5. Tanlc Inventory Estimate (2 sheets). 

Single-Shell Tanlc 241-TY-104 

Solids composite inventory estimate• 

Total solid waste 2.31 E+05 kg (43 kgal) 

Heat load 6.09 E-03 kW (21 Btu/hr) 

Bulk density 1.42 (g/mL) 

Void fraction 0.711 

Water wt% 55.5 

TOC wt% C (wet) 0 

Na+ 4.62 7.49 E+04 1.73 E+04 

Al+3 0 0 0 

Fe+3 (total Fe) 2.43 9.56 E+04 2.21 E+04 

cr+3 5.74 E-03 210 48.5 

Bi+3 0 0 0 

La,+3 0 0 0 

ce+3 0 0 0 

Zr (as ZrO(Offhl 0 0 0 

Pb+2 0 0 0 

Ni+2 8.03 E--02 3.32 E+03 768 

sr+2 0 0 0 

Mn+4 0 0 0 

ea+2 0.172 4.85 E+03 1.12 E+03 

K+ 0 0 0 

OH· 8.30 9.94 E+04 2.30 E+04 

N03· 2.06 9.02 E+04 2.08 E+04 

N~- 0 0 0 

co3·2 0.302 1.28 E+04 2.95 E+03 

PO/ 9.32 E-02 6.24 E+03 1.44 E+03 

2-10 



WHC-SD-WM-ER-481 REV 0 

Table 2-5. Tank Inventory Estimate (2 sheets). 

Single-Shell Tank 241-TY-104 

Solids composite inventory estimate• 

0.977 · 6.61 E+04 1.53 E+04 

0 0 0 

p- 0 0 0 

Cl" 7.47 E-02 1.86 E+03 431 

0 0 0 

EDTA4 0 0 0 

0 0 0 

0 0 0 

glycolate· 0 0 0 

acetate· 0 0 0 

oxalate·2 0 0 0 

DBP 0 0 0 

NPH 0 0 0 

CC14 0 0 0 

hexane ·o O 0 
Fe(CN)i4 - . . o·· . .. .. , . . , ... ''- . Cf 0 

.illli!lili:1!11111!iil1i!iiiliiii111it1i!ili lii!lr:~]ltl!• l!!ill!i;lt:~J!!!!tl;;:::11:f:l1\ 1::t:1¥-li!illi1J1ilil:itl!:!r1ll[l1:ff;l!i!:il!i :f;lllli!1:11iiill1®it!lilllill!lil;ll~lf~::1:~: · 
Plutonium 2.32 E-03 (µCi/g) 8.92 E-03 (kg) 

Uranium 0.140 (M) 2.34 E+04 (µgig) · 5.41 E+03 (kg) 
137Cs 9.07 E-04 (Ci/L) · 0.639 (µCi/g) 148 (Ci) 

~r 4.93 E-03 (Ci/L) 3.47 (µCi/g) 802 (Ci) 

-Composite inventory excludea supernatant, diatomaceoua earth, and cement. Unknowns in tank inventory 
are assigned by Tank Layer Model. 

M = molar. 
ppm = parts per million. 
TOC = total organic carbon. 
1 Ci = 3.7 E + lO Bq. 
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Zip cord readings performed prior to February 1995 auger sampling show the waste 
surface level at 30.5 cm (12 in.). The discrepancy between readings may be attributed to the 
FIC probe contacting a pool of liquid waste under Riser 1 or possibly an uneven (non-level) 
waste surface. 

The tank was removed from service in 1974 and most of the liquid waste was pumped 
out. The tank was primarily stabilized in 1978 and a solids level adjustment was performed 
late in 1978. Another level adjustment and an intrusion prevention were performed in 1982. 
The tank was interim stabilized in 1983. 

2.4.2 Internal Tank Temperatures · 

There are 14 thermocouples on a single thermocouple tree in tank 241-TY-l 04, 
Riser 4. Elevations are available for all probes on the tree. Probes are located every 61 cm 
(24 in.) except the top two, which are separated by 122 cm (48 in.) (Tran 1993). Only the 
first probe is located in the waste. Additionally, a temperature vapor probe has just recently . 
been installed in Riser 3. 

The mean temperature of the first electronically available data set in September 1970 
for thermocouples 1 through 7 is 17 °C (63 °F). From January 1976 to January 1994, the 
average temperature was 18 °F (65 °F) with a minimum of 12 °C (53 °F) and a maximum 
of 34 °C (94 °F). The thermocouple plots can be found in the HTCE for tank 241-TY-104. 
A graphical representation of the weekly high temperature is found in Figure 2-5. 

· 2.4.3 Tank 241-TY-104 Photographs 

Figure 2-6'contains photographs ·of the~surface·l>f the waste·intank:·241-TY-104. The 
surface of the waste may be biased towards the blue tones in the photograph giving it a 
lavender appearance. The photographs are very hazy making the interpretation of the waste 
surface characteristics very difficult. It appears there may be iron oxide in solution in the . 
center of the tank. A temperature probe, a FIC level probe, and some manholes, nozzles 
and risers are visible. The photographs were taken in 1987. There has been limited activity 
in the tank since 1987 (1995 auger sampling and temperature vapor probe installation) and 
the surface level of the tank waste has remained consistent. Therefore, the photographs 
should reasonably represent the existing tank interior. The tank contains about 174 kL 
(46,000 gal) of waste which is equivalent to about 0.6 m (2 ft) of depth. 
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3.0 TANK SAMPLING OVERVIEW 

This section describes two sampling and analysis events associated with 
tank 241-TY-104. The first event involves core samples retrieved in August 1985 for 
·characterization analysis. The more recent event concerns two auger samples retrieved in 
February 1995 for analysis following the requirements in Tank Safety Screening Data Quality 
Objective (Babad and Redus 1994), Data Requirements for the Ferroeyanide Safety Issue 
Developed through the Data Quality Objective Process (Meacham et al. 1994), Data Quality 
Objective to Support Resolution of the Organic Fuel Rich Tank Safety Issue 
(Babad et al. 1994), and other requirements described, in the Tank 241-TY-104 Tank 
Characterization Plan (Schreiber 1995)-- . 

3.1 DESCRIPTION OF AUGUST 1985 SAMPLING EVENT 

Using a combination of push and rotary modes, six cores were taken through 
Risers 3, 5, and 15 in August 1985 to gather information and data for characterization of the 
waste contained in tank 241-TY-104 (Weiss and Mauss 1987). Recovery data, drill string 
dose rates, and sample descriptions are provided in Table 3-1. Percent recovery in Table 3-1 
is calculated °based on the volume (length) of expected waste versus the volume (length) of 
waste actually recovered. The sample identification was the breakdown number assigned to 
each segment. No separable organic layering was noted within the liquids collected, but an 
organic layer is described in core 3, segment C-2 and in core 4 segment D-1. 

3.1.1 Sample Handling (August 1985) 

The core ·segments· were extruded and ·sub~pled-at--the Westinghouse Hanford 
Company 222-S Laboratory. The prepared specimens and their matrices are presented in 
Table 3-2. Composite identification numbers shown in Table 3-2 are those assigned by the 
laboratory for each specimen prepared for analysis. No analytical preparation was required 
for the drainable liquid composites except filtering. 

Those composites (232SOOOO, 241SOOOO, 251SOOOO, and 261SOOOO) that had sufficient 
amounts of solid material for analysis were washed with water, centrifuged, and the water 
was analyzed for a set of water soluble analytes. The left over sludge was then treated with 
a 5 molar hydrochloric acid solution, centrifuged, and the leachate analyzed for chemical and 
radiochemical constituents. Any material not dissolved by the acid was combined with a 
HC1-HN03-HF solution at elevated temperatures in a pressure reactor before the remaining 
analytes were identified. For samples with large amounts of acid insoluble solids, only a 
portion of the mt\terial was used for the pressure dissolution (0.5 load limit of the reactor) . 
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Table 3-1. Tank 241-TY-104 1985 Sample Data. 

1 A-1 R-5 0 

1 A-2 R-5 0 

2 B-1 R-5 0 

2 B-2 R-5 0 

3 C-1 R-5 0 

3 C-2 R-5 63 

4 D-1 R-5 78 

5 A-1 R-3 51 

6 A-1 R-15 100 

NR = not reported. 

35 

21 

40 

NR 

<1 

150 

170 

350 

350 

211 Approximately 25 mL of clear liquid. 
Insufficient solids recovered for analysis. 

212 Approximately 50 mL of liquid. 
Insufficient solids recovered for analysis. 

221 Ap_p~xi~tely 50 mL liquid. Insufficient 
solids recovered for analysis. 

222 Equipment problems. No attempt made to 
recover sample. 

231 Approximately 50 mL clear liquid. 
Insufficient solids recovered for analysis. 

232 154 mL of liquid and solids: 11 mL of 
organic, 98.5 mL aqueous, 44.5 mL 
solids. Solids dark brown, very chunky, 
with several pieces octahedron shaped 
translucent crystals. Organic layer 
colorless. Aqueous clear yellow. Hard 
dark rock chunk also found. 

241 

, .· ,-... 

184 mL liquid and solids: 16.5 mL 
organic, 147 mL aqueous, 20.5 mL solids. 
Very . . similar to #232. Solids drier than 
#232 with large and small translucent · 
crystals. Several dark rock chunks also 
seen. 

251 183 g of sample much firmer than 
previous two. Dark brown solids. 
Several large translucent crystals. 

261 208 g of sample like soft butter. Dark 
brown with translucent octahedron 
crystals. 
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Table 3-2. Tanlc 241-TY-104 1985 Specimen Preparation . 

. 211DOOOO Combined liquids from samples 211, 212, and ·221 Aqueous 

232DOOOO Aqueous portion of sample 232 Aqueous 

232SOOOO Solid portion of sample 232 Solid 

241DOOOO Aqueous portion of sample 241 · Aqueous 

241SOOOO · Solid portion of sample 241 Solid 

251SOOOO Blended solids. of.sample .. 251. . _ Solid 

261SOOOO Blended solids of sample 261 Solid 

3.1.2 Sample Analysis (August 1985) 

The specimens prepared from the tank 241-TY-104 samples were analyzed for 
chemical constituents, radiochemical constituents, and physical properties at the 
Westinghouse Hanford Company 222-S Laboratory. Results of these analyses are reported in 
Data Transmittal Package for 241-TY-104 Waste Tank Characterization (Weiss and Mauss 
1987). No quality control information for these analyses is contained in the referenced 
document. 

No transfers to or from tank 241-TY-104 have occurred since the 1985 sampling 
event (Brevick et al. 1994), so the results of these analyses should provide relevant 
information on the current composition of the waste. The analytical summaries for the liquid 
composite specimens -are presented•-in .Appe.ndix ,A. .of.this_document; . .those for the solids 
samples are presented in-Table 4-2. Analytical methods and procedure numbers are given in 
Table B-2 of Appendix B. . 

3.2 DESCRIPTION OF FEBRUARY 1995 SAMPLING EVENT 

Two samples were obtained from tank 241-TY-104 using 20-in. augers. The 
first auger sample (#95-AUG-008) was retrieved from Riser 18 on February 23 and the 
second sample (#95-AUG-009) was retrieved from Riser 15 on February 24, 1995. The total 
amount of solid material recovered for the first sample was about 90.6 g with most of the 
material covering the auger from flutes #8 through #19. About 277 g of solid material was 
recovered from flutes #8 through #19 for the second sampling. 

For both samplings, auger flutes #1 through #7 were clean, so that the sample 
material covered only the bottom 12 in. of the auger. Actual recovery was 3 in. less than 
expected recovery (15 in.) according to the TCP (Schreiber 1995). No crust material . .was 
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observed and no drainable liquid was recovered from the augers. The drill string dose rates 
for Risers 18 and 15. were 200 and 250 mR/hr respectively. No problems related to the 
sample event were noted. 

3.2.1 Sample Handling (February 1995) 

The two samples were received at the Westinghouse Hanford Company 
222-S Laboratory on February 28, 1995, and extruded March 2 and 3, 1995. Color 
photographs of the extruded auger samples are included in Appendix C. 

The picture of auger sample 95-AUG-008 (Figure C-1) shows a thin, very moist, 
dark-brown material on the flutes of .the.auger ... and several puddles of material in the tray 
below the auger. Conversely, the picture of auger sample 95-AUG-009 (Figure C-2) shows 
a thick, moist, dark-brown material between the flutes of the auger. A few drips of waste 
can be seen in the tray below the auger containing sample 95-AUG-009. Neither auger 
sample contained any drainable liquid or crust material. Subsampling information is 
provided for both samples in Table 3-3. 

Sample #95-AUG-008 was originally separated as material that had fallen into the tray 
and material that remained on flutes #8 through #19. Per instructions from the Ferrocyanide 
Safety Program, these materials were held for over a week to determine if a sufficient 
amount had been collected for the needs of the program or if another sample collection was 
necessary. Upon notification to proceed with the work, the separated s~bsamples were 
combined and designated as tank waste representing quarter segment D. All analyses were 
performed and sample archives were collected from this quarter segment of the auger 
sample. 

Material from flutes #14 through #19 was taken to represent quarter segment D and 
material from flutes #8,{hrough ·#14 was taken "to· represent,.quartec .segment .C for. sample 
#95-AUG-009. Energetics by differential scanning calorimetry (DSC) and percent water by 
thermogravimetric analyses (TGA) were determined on each quarter segment. Total alpha 
activity and TOC analyses were completed on a composite of these two quarter segments 
(half segment). 

3.2.2 Sample Analysis (February 1995) 

Following the requirements of the tank characterization plan (TCP) (Schreiber 1995), 
energetics by DSC, percent water by TGA, TOC by persulfate/coulometry, and total alpha 

_ analyses were completed on the samples. Total inorganic carbon (TIC) was reported for 
two samples as a by-product of the TOC analysis. No results exceeded the applicable DQO 
notification limits. Analytical methods and procedure numbers are given in Table B-1 of 
Appendix B. 
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Table 3-3. Tank 241-TY-104 1995 Sample Data. 

iI~imP!~I\IDl: 1::::::;:::J::p;9n;1:1t::::::t :::::: It:J§¢g~:: P:9¥#9i.!I::::r:it::~i.t I!:IIi:J:::::::iJ!ffi! :::, ::::ti~y~::::::::::::it\I::::::::::::::::::II::1:::1:::;::::::=:: 
S95T000316 95-AUG-008 D (Bottom quarter) 18 TGA, DSC, TOC and TIC by 

persulfate 

S95T000318 95-AUG-008 D (Bottom quartet) 18 Total alpha 

S95T000737 95-AUG-008 D (Bottom quarter) 18 TOC by furnace oxidation 

S95T000240 95-AUG-009 C (Third quarter) 15 TGA,DSC 

S95T000235 95-AUG-009 D (Bottom quarter) 15 TGA,DSC 

S95T000236 95-AUG-009 D&C (Lower half) 15 TOC and TIC by persulfate 

S95T000243 95-AUG-009 D&C ·(Lower halt) - · 15 · Total·alpha -

S95T000738 95-AUG-009 D&C (Lower halt) 15 TOC by furnace oxidation 

DSC = differential scanning calorimetry. 
TGA = thermogravimetric analysis. 
TIC = total inorganic carbon. 
TOC = total organic carbon. 

A deviation from the TCP requirement that total alpha and TOC analysis be 
performed on half segments occurred because it was determined that all of the material from 
sample #95-AUG-008 represented only a quarter segment. 

The reported total alpha results were taken from the rerun batch because spike 
recoveries for the original batch exceeded accuracy control limits. The total alpha duplicate 
analyses for samples S95T000243 and S95T000318 did not meet the specified precision 
criterion of ± 10 percent relative percent difference. Both samples also exceeded the 
accuracy control limits on the rerun batch.' · 

The TOC by hot persulfate duplicate analysis results for samples S95T000236 and 
S95T000316 exceeded the precision acceptance criteria. TOC blank values were greater than 
the detection limit, but were 46 times less than the mean concentration of the samples, 
indicating that contamination was not significant. 

The TOC results by furnace oxidation are approximately 7 times greater than the 
TOC values by hot persulfate. This disparity can be attributed to the water digestion 
preparation of the sample that the laboratory must use since furnace oxidation analysis of 
solid samples cannot be performed at the 222-S Laboratory. Because of the difficulty in 
extracting TOC from solids by water digestion, a large dilution of the specimen is required. 
The furnace oxidation results for samples S95T000737 and S95T000738 were just over the 
detection limit, and at this concentration the quantitative accuracy is subject to error. The 
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large quantitative error, when multiplied by the large digestion preparation dilution factor, 
can produce large errors in the sample results. The TOC by furnace oxidation duplicate 
sample analysis for S95T000738 exceeded the specified precision criterion. Further 
discussion of quality control procedures can be found in Section 5.1.2. 

No other problems were noted for the analysis of the two auger samples. 
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4.0 ANALYTICAL RESULTS AND WASTE INVENTORY ESTIMATES 

4.1 OVERVIEW 

The purpose of this section is to summarize the analytical results from the sampling 
. events described in Section 3. 0 and to provide concentration and inventory estimates for 

measured analytes. The data on which the estimates are based were obtained from the 
February 1995 sampling event (Miller 1995a; Miller 1995b) and the August 1985 sampling 
event (Weiss and Mauss 1987). Material has not been transferred to or pumped from the 
tank since 1974; therefore, the data obtained in August 1985 are considered to be useful for 
comparative purposes. The information obtained from this sampling event is the best 
available data because a more recent analysis of the chemical. and radiochemical constituents 
has not been performed. The summary tables and the appropriate appendices where the data 
can be found in this document are identified in Table 4-1. 

Table 4-1. Analytical Data Presentation Tables for Tank 241-TY-104. 

1985 Solid sample data (1985) Table 4-2 

1985 Drainable aqueous liquid data (1985) Table A-1 

Total alpha (February 1995) Table 4-3 

Total organic carbon (February 1995) Table 4-4 

Thermogravimetric analysis (February 1995) Table 4-5 

Differential scanning calorimetry (February 1995) Table 4-6 
. .. . .. . .. . . . ,_. . . . . . ... ~ .· - .. . . . 

The chemical and radiological composition and projected inventory for the waste in 
tank 241-TY-104 is derived from a 1985 sampling event which was described in Section 3.0. 
The 1985 sampling event was performed before DQO were developed and implemented; the 
resulting data do not fully comply with the recent requirements for a safety screening listed 
in Tank Safety Screening Data Quality Objective (Babad and Redus 1994). 

The February 1995 sampling and analysis event was performed for evaluation of the 
safety screening criteria defined in Babad and Redus (1994). The DQO stipulates that weight 
percent water by TGA, DSC for evaluation of fuel content and thermal output, total alpha 
analyses for criticality evaluation, headspa.ce gas composition (as a percent of the lower 
flammability limit [LFL]) are required for tank 241-TY-104. 
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Before waste sampling occurred in February 1995, the headspace flammability, as 
measured by combustible gas meter, was found to be less than 1 % of the LFL 
(Meacham 1995a). Detailed results of this headspace gas sampling are contained in 
Tank 241-TY-104 Vapor Sampling and Analysis Tank Characterization Repon, 
WHC-SD-WM-ER-463, Rev. 0, (Huckaby 1995) and are not reproduced here. 

Because tank 241-TY-104 is on both the Ferrocyanide and Organic Watch Lists, the 
Ferrocyanide DQO (Data Requiremenls for the Fe"oeyanide Safety Issue Developed through 
the Data Quality Objective Process [Meacham et al. 1994]) and the Organic DQO (Data 
Quality Objectives to Suppon Resolution of the Organic Fuel Rich Tank Safety Issue 
[Babad et al. 1994]) are also applicable to the February 1995 sampling and analysis. All 
primary analyses required by the Ferrocyanide DQO were not performed, .since 
tank 241-TY-104 is not on the Ferrocyanide.Safety.J>.rogram's priority list. Sample material 
from the augers was archived for future analysis when needed by the Ferrocyanide Safety 
Program. The only additional analysis mandated by the Organic DQO which was not already 
required by the Safety Screening DQO was the evaluation of TOC by the hot persulfate 
method. Based on the results from this analysis, a secondary TOC analysis by furnace 
oxidation was also perfo~ed. 

All of the various DQO sampling and analysis criteria and requirements for the 
1995 sampling event are summarized in Tank 241-TY-104 Tank Characterization Plan 
(Schreiber 1995). Results from analyses performed on the 1995 augers are contained in 
45-Day Safety Screen Results for Tank 241-TY-104, Auger Samples 95-AUG-008 and 
95-AUG-009 (Miller 1995a) and 216-Day Safety Screen Results and Final Repon for 
Tank 241-TY-104, Auger Samples 95-AUG-008 and 95-AUG-009 (Miller 1995b) and are 
discussed in the following sections. 

4.2 DATA PRF.sENTATION 

The chemical composition of the sludge in Tank 241-TY-104 is reported in Table 4-2. 
The values were derived from the 1985 sampling and analysis events (Weiss 1986). The 
solid composite analyte concentration (as listed in columns 2 through 5 of Table 4-2) for each 
sample was calculated by adding the results from each of three digestions: water, acid, and 
fusion. The results are additive because each successive digestion step was performed on the 
residue from the previous step. A simple average of the results from all composite samples 
was then used to calculate a tank concentration estimate. The relative standard deviations 
(RSD) were calculated by treating each of the four sample results equally. The projected 
inventory calculations associated with the sludge in the tank were calculated conservatively, 
attributing the total waste volume of 174 kL (46 kgal) to sludge since the liquid 
concentrations (Table A-1) are very small compared to the sludge. All pumpable liquid has 
been removed from this tank. From calculations performed in the Single-Shell Tank 
Stabilization Record (Swaney 1994), only 7 percent (3 legal) of the total waste remaining in 
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Table 4-2. 1985 Solid Sample Data.• (2 sheets) 

--------;lll:::::[t1=!J.i:i::;::;::::;:: .t,;l~~lll ;;;J;~: !::::~::11111;:::;'.:: ;1~::~l lil 11~· ;1111~~~: ::::;?:Bil~!:;;: j;'.l~~~li1!;~: lll • lll!!J.1 

Aluminum 10,000 9,330 8,770 8,210 9,080 8.44 2,670 

Barium 321 505 615 330 443 32.2 130 

Bismuth 9,160 16,800 25,700 19,400 17,800 38.5 5,230 

Cadmium 12.3 22.6 23.0 6.74 16.2 49.5 4.76 

Chromium 928 1,900 . l,48Q .. ... 1,350. _ 1,410 28.3 415 

Iron 22,500 58,800 

Lead 433 593 

25,800 23,200 

651 625 

32,600 53.9 

576 17.0 

9,580 

I 169 

Manganese 2,690 2,360 1,370 487 1,730 57.9 509 I 
Nickel 850 1,750 1,630 1,730 1,490 28.9 · 438 

Phosphorus 38,900 29,700 8,310 27,900 26,200 49.1 7,700 

Silicon 2,580 9,480 9,630 10,700 8,100 45.9 2,380 

Silver 9.46 13.0 23.6 2.41 12.1 72.9 3.56 

Sodium 137,000 119,000 84,200 112,000 113,000 19.4 33,200 

Uranium 12,300 21,300 15,700 28,600 19,500 36.6 5,730 

Zirconium 139 182 212 190 · 181 16.9 53.2 

I•12lil1il:lll:l:!:ili:ll::li1i!:t1i:1!: ~:ti::1:1111:111:[! 11:111:1111:1~1:::: llti{i l illi i11Rltl1 1lllllll!1f:f11 !i1llll,:;i11i:i: !lilltiilllli!!!1!il:;j; 
Carbonate 14,600 16,400 23,900 19,900 · 18,700 · 22~·0 ·. 5,500 

Chloride < 848 698 463 809 672 24.9 205 

Fluoride 10,200 5,3 5,540 1,060 4,610 70.3 1,570 

Hydroxide 1,580 1,240 778 1,560 29.1 379 

Nitrate 35,000 35,900 62,300 53,200 46,600 28.8 13,700 

Nitrite 9,300 9,770 16,900 12,900 12,200 28.7 3,590 

Sulfate <8,200 <3,890 4,830 <3,980 5,230 38.8 1,540 

;!• 1:!!iiiil:lilii .~!\ilf!!l ~~:1~ili~l!l!::i i;::1i:!RT1!-:~• :i1!i~;: !~lii~~~:11,: ,~~!ili!!1;:::lli:~: ~il1tts.~J-::m~1!i!::::::~; 
Total organic 2,100 2,780 1,950 907 1,930 40.0 567 

carbon 
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Table 4-2. 1985 Solid Sample Data.* (2 sheets) 

2A1Am 0.0222 0.0317 0.0429 0.0369 0.0334 26.2 9.82 

14c 0.00327 0.00479 0.00249 0.00216 0.00318 36.9 0.935 
137Cs 15.1 26.1 93.3 47.0 45.4 76.2 13,300 
60Co 0.0155 0.0261 0.0432 0.00572 0.0226 70.9 6.64 

129]: <0.0470 <0.0470 <0.0900 <0.590 <0.194 137 <57.0 
239!240pu 0.136 0.193 0.190 0.202 0.180 16.6 52.9 

90Sr 29.5 215 45.8 236 132 82.8 38,800 

99-fc 0.0235 0.0306 0.0345 0.0344 0.0308 16.8 9.06 

Total alpha 0.577 0.282 0.198 0.218 0.319 55.2 93.8 

Total beta 907 500 661 842 728 25.3 214,000 

Total gamma 19.0 21~1 95.4 47.1 47.2 72.7 13,900 

· pH 12.0 11.9 11.7 12.0 11.9 1.19 

Density (g/mL) 1.85 1.77 1.66 1.48 1.69 9.48 

*Weiss, R. L., 1986, TYTanicFann Waste Ouuacterivmon Data, RHO-WM-TI-lP, Rockwell Hanford 
Operations, Richland, Washington. 

RSD = relative standard deviation (standard deviation/mean) of the data. 
1 Ci= 3.7 E+lO Bq~ · ·· 
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the tank is supernatant. The average density of the sludge was determined to be 1.69 g/mL, 
so the volume of sludge can be converted from liters to kilograms by the following equation: 

Volume of sludge (L) x determined sludge density 

= (174,000 L)(lOOO mL'L)(l.69 g/mL)(l.0 x 10-3 kg/g) 

= 294,000 kg. 

4.2.1 Total Alpha 

4.2.1.1 Total Alpha Activity in 198S Core Samples. · Although· the DQO process was not 
in place when the 1985 samples were obtained, it is briefly discussed in this section for 
consistency and corroboration, As can be seen in Table 4-2, the highest total alpha 
activity was 0.577 µCi/g, which is well below the notification limit specified in Babad and 
Redus (1994). Total alpha analyses were performed in accordance with procedure 
number LA-508-103. All four composite samples used for the tank inventory estimates were 
analyred for total alpha, and all three digestion methods (water~ acid, and fusion) were used. 

4.2.1.2 Total Alpha Activity in 199S Safety Screening Samples. Total alpha samples 
were prepared by fusion using procedure LA-549-141, Rev. C-2. The total alpha 
measurements were performed on the lower half segment from Riser 15 and the quarter 
segment from Riser 18 following procedure LA-508-101, Rev. D-2. Even though the TCP 
requires that a full half segment be used in the total alpha evaluation, only a quarter segment 
was obtained from Riser 18 and this quarter segment was utili7.ed for the measurement. The 
results of the total alpha analysis are presented in Table 4-3. 

Table 4-3. Tank 241-TY-104 Analytical Data: Total Alpha.• 

Total alpha S95T000318 18:lower ¼ 0.137 0.184 0.145 

S95T000243 15:lower 1.h 0.143 0.117 

*Miller, G. L., 1995a, 45-Day Safety Screen Resulls for Tank 241-IT-104, Auger Samples 95-AUG-008 
and 95-AUG-()()9, WHC-SD-WM-DP-101, Westinghouse Hanford Company, Richland, Washington. 

1 Ci= 3.7 E+lO Bq. 
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The sample number column lists the laboratory sample from which the analyte was 
measured. This identification number is different from the number assigned to the samples 
at the tank farm. Sampling rationale, locations, and descriptions of the sampling event are 
contained in Section 3.0. The third column describes the sample location of the individual 
sample. The first number lists the riser number, which is followed by a colon, and then the 
portion on the auger from which the sample was derived. The fourth column, labeled 
Sample Result, is the specific concentration of the analyte determined at the different 
sampling points. The number listed is an average between the primary sample and its 
duplicate sample. The column labeled Mean is a simple mean of all the results for the 
analyte. 

4.2.2 Total Organic Carbon · 

4.2.2.1 Total Organic Carbon In 1985 Core Samples. Total organic carbon analyses 
were performed on the 1985 core samples using procedure LA-344-101. As discussed above 
in Section 4.2.1, the DQO process was not in place when the 1985 samples were analyzed. 
The DQO sample results are discussed in comparison with the DQO requirements for 
purposes of comparison and corroboration. As can be seen in Table 4-2, the highest sample 
results were well within the 30,000 µ.g C/g limit listed in Babad and Redus (1994). 

4.2.2.2 Total Organic Carbon In 1995 Safety Screening Samples. TOC determination 
was performed by the hot persulfate method (LA-342-100) as a primary analysis, and by the 
furnace oxidation method (LA-344-105) as a secondary analysis. The hot persulfate 
procedure included the TOC analysis requested by the tank characterization plan and TIC 
data as a by-product of the TOC analysis. As with the total alpha analysis, the Riser 18 
segment (S95T000316) was performed on the quarter segment. TOC sample values by the 
hot persulfate method were more than 30-fold less than the DQO notification limit of 
30,000 µ.g C/g (Miller 1995b). Quality control information can be found in Section 5.1.2. 

Total organic carbon was analyzed by the furnace oxidation procedure because the 
energy equivalent values of TOC by the hot persulfate procedure were less than 75 percent of 
the DSC values. Water digested samples were derived from the two risers using "Water 
Leach of Solids with Residual Solids Collection" procedure LA-504-101, Rev. C-0. These 
aliquots displayed TOC values ranging from 5,510 to 6,940 µgig, which is 5-fold less than 
the notification limit. However, the TOC values by furnace oxidation procedure were 
approximately seven times greater than the TOC values by the hot persulfate method. This 
contrast in results between the two analytical methods is caused by the water digestion of the 
samples. Currently, the 222-S Laboratory is not able to perform TOC analysis by the 
furnace oxidation method on a solid sample. To accommodate this procedure, solid samples 
must first be prepared using a water digestion, as specified in the tank characterization plan. 
This digestion is inefficient at extracting TOC from the solids, and therefore, requires a large 
dilution of the ScµIlple. This method of digestion results in calculations of the final sample 
TOC concentration using a large sample dilution factor (Miller 1995b). 
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The furnace oxidation method TOC values for Tanlc 241-TY-104 were only slightly 
greater than the analytical instrument's calibrated detection limit, at which concentration the 
accuracy of quantitation is subject to significant error. Such a large quantitation error, 
multiplied by the large digestion dilution factor, caused large errors in the final sample TOC 
results. Consequently, TOC analysis results by the two different procedures are unlikely to 
be comparable. 

The TOC and TIC results are listed in Table 4-4. The sample number column lists 
the laboratory sample from which the analyte was measured. This identification number is 
different from the number assigned to the samples at the tanlc farm. Sampling rationale, 
locations, and descriptions of the sampling event are contained in Section 3.0. The third 
column describes the sample location of the individual sample. The first number lists the 
riser number, which is followed by a colon, and then the portion of the auger from which the 
sample was derived. The fourth column, labeled Sample Result, is the specific concentration 
of the analyte determined at the different sampling points. The number listed is an average 
between the primary sample and its duplicate sample. The column labeled Mean is a simple 
mean of all the results for the analyte. 

Table 4-4. Tanlc 241-TY-104 Analytical Data Results for Total Organic Carbon.• 

--~·-· TOC 

TOC by hot persulfate S95T000316 18:lower 1/4 774 895 867 

S95T000236 15:lower 1h 826 · 971 

TOC by furnace oxidation S95T000737 18:lower 1/4 · 6,520·· - 6~520 , 6,373 ·. 

S95T000738 15:lower 1h 5,510 6,940 

TIC 

18:lower ¼ 5,480 6,460 6,035 TIC by hot persulfate 
S95T0002361------+-----+------i 

15:lower 1h 5,870 6,330 

"Miller. G. L .• 1995a. 45-Day Safety Screen Results far Tank 241-TY-104, Auger Samples 95-AUG-008 
and 95-AUG-009, WHC-SD-WM-DP-101, Westinghouae Hanford Company, Richland, Washington. 

"Wet basis . . 
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4.2.3 Percent Water Analyses 

Percent water analyses were not performed on the 1985 core samples. 

Thermodynamic analyses of the waste are the only physical requirements identified in 
the safety screening DQO. The TGA provides as an estimate of the weight percent water, 
and is also utilized to interpret and define the DSC results. Results for the TGA analyses are 
summarized in the following section. 

TGA measures the mass of a sample while the temperature of the sample is increased 
at a constant rate. A gas such as nitrogen is passed over the sample during heating to 
remove gas phase products being released. Any decrease in the weight of the sample 
represents a loss of gaseous matter from. the sample.ether-through evaporation or through a 
reaction that forms gas phase products. 

Weight percent water by TGA was performed under a nitrogen atmosphere using 
procedure LA-560-112, Rev. A-2. The results for the three samples and their respective 
duplicates ranged in value from 49.75 to 55.23 percent water by weight. Consequently, 
none of the samples were below the DQO notification limit of 17 percent water. The results 
of the TGA analyses are provided in Table 4-5. 

Table 4-5. Thermogravimetric Results for Tank 241-TY-104.• 

S95T000316 18:lower ¼ 1 amb to 139 53.23 51.6 

2 amb to 148 49.95 

S95T000240 15:3rd 1.4 D 1 amb to 159 · 51.42 51.6 , , 

2 amb to 157 51.67 

S95T000235 15:bottom ¼ 1 amb to 142 55.23 52.5 

2 amb to 144 49.75 

Tank 241-TY-104 wt% water loss 51.8 

*Miller, G. L., 1995a, 45-Day Safety Scrun Rendls for Tank 241-TY-104. Auger Samples 95-AUG-008 
and 95-AUG-009. WHC-SD-WM-DP-101, Weatinghouae Hanford Company, Richland, Washington. 

amb = ambient. 

The recorded weight losses are relative to the original weight of the sample. The 
TGA associated with the samples obtained from Tank 241-TY-104 displayed only one broad 
transition ranging from ambient temperature to approximately 160 °C. The loss of sample 
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weight within this temperature range is attributed to the evaporation of free water and the 
dissociation of covalently bonded water molecules. 

4.2.4 Thermodynamic Analyses 

DSC analyses were not performed on the 1985 core samples. 

In DSC analysis, · 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, a gas such as 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) or exothermic (releasing, as opposed to absorbing heat) event on a DSC 
is determined graphically. 

Analyses for DSC were performed under a nitrogen atmosphere using procedure 
LA-514-113, Rev. B-1. No exothermic reactions were observed in any Qf the three samples 
or their respective duplicates on a wet weight basis. Like the TGA analysis, the DSC 
analyses were performed in duplicate (run 1 and run 2)~ 

The DSC results for Tank 241-TY-104 are given in Table 4-6. The temperature 
range, temperature at maximum enthalpy change, and the magnitude of the enthalpy 
change in J/g are provided for each transition. The first transition represents 
the endothermic reaction for the evaporation of free and interstitial water. The 
second endothermic transition probably represents the energy (heat) required to remove the 
bound water from hydrated compounds or to melt salts such as sodium nitrate. 

2 36.4 107.3 796.1 265.1 13.0 

S95T000240 15:8-13 1 31.6 113.3 834.7 

2 32.2 111.3 977.4 . 

S95T000316 18:8-19 1 29.9 107.3 819.0 273.0 40.7 

2 30.6 109.3 870.8 273. 1 40. 1 
*Miller, G. L., 1995a, 45-Day Sajety Screen Results for Tank 241-TY-104, Auger Samples 95-AUG-008 

and 95-AUG-009, WHC-SD-WM-DP-101, Westinghouse Hanford Company, Richland, Washington. 
AH > 0 indicates an endotherm. 
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S.O INTERPRETATION OF CHARACTERIZATION RESULTS 

5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS 

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

5.1.1 Field Observations 

Recoveries for the 1985 core sampling effort were Iess than expected (Weiss and 
Mauss 1987). Specifically, the sample from Riser 5 was affected by the presence of a hole 
in the waste caused by a previously installed salt well screen. Excess liquid will accumulate 
in the hole, possibly resulting in high recoveries of liquid in the samples. For this reason, 
tank waste inventory estimates based on Riser 5 samples should be considered suspect · 
(Weiss 1986). A physical description of the waste samples is presented in Table 3-1. 

5.1.2 Quality Control ~ent 

No quality control information was available for the 1985 data. The appropriate 
blanks, duplicates, spikes, and standards for quality control measures were performed on the 
1995 auger sampling analyses. The tank characteriz.ation plan (Schreiber 1995) established a 
criteria of ± 10 percent for the accuracy and precision of the data. 

The standard and spike results provide an estimate of the accuracy of the analysis. If 
a standard or.spike is abov.e or _belpw _the .criterion, then the analytical results may be biased 
high or low, respectively. All of the standards conducted on percent water,-DSC, TIC and 
TOC were in the acceptable range (Miller 1995a&b). However, the only standard run for 
total alpha was slightly below the criterion (89.6), indicating that the analytical results for 
total alpha may be biased slightly low. Only one spike each was conducted on TIC and both 
TOC methods, and all were within the criterion. Both of the spikes conducted on total alpha 
were below the criterion (78.3 and 79.6), again indicating that the analytical results may be 
biased low. These were the rerun results, as the spikes from the first run were also outside 
the limits. Spikes are not applicable to the DSC and TGA methods. 

Evaluation of blanks is only applicable to the total alpha, TIC, and both TOC 
analyses. Both blanks were below the detection limit for total alpha and TOC by furnace 
oxidation, indicating that contamination was not a problem for these analytes. For TOC by 
the hot persulfate method and TIC, both blank values were greater than the detection limit. 
However, they were 46 fold (TOC) and over 600 fold (TIC) less than the mean concentration 
of the samples, indicating the relative insignificance of contamination. The precision 
requirements are calculated by the relative percent difference (RPD) between primary and 
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duplicate samples (Miller 1995a&b). No RPDs were calculated for DSC because no 
· exothermic reactions were d~tected, and all RPDs for TGA met the criteria. Both RPDs for 
total alpha (20.0, 29.3) and TOC by the hot persulfate method (16.1, 14.5) exceeded the 
criterion, as well as one of two for TIC (16.4) and TOC by furnace oxidation (23.0). 
However, these violations are not extreme because the results were well below the safety 
limit concern, as mentioned in Section 4. 

In summary, the total alpha results may be biased because the low standard and spike 
recoveries, as well as high RPO results. The quality control information for the remainder 
of the analytes indicated that the analytical results should be reasonably good. 

S.1.3 Data Consistency Checks · · 

S.1.3.1 Comparison of Total Alpha and Total Beta with the Sum of Individual Isotopes. 
This evaluation can be used to ascertain the· performance of the radiochemical separation 
methods or as an indicator of the· presence of other isotopes in significant quantities. With 
regard to the results from the 1985 core samples, a comparison was made between the gross 
beta activity and the sum of the individual beta emitters. The values compared are the 
averages of the individual activities, and the average total beta activity (See Table 4-2). The 
average activities of the individual beta emitters were summed according to the following 
equation: 

Sum of beta emitters = 1.42 (2 • 90Sr) + 1.51 (137Cs) 

The factor of 2 in the equation accounts for the 90y daughter product. The 90Sr 
and 137Cs analytical values were multiplied by correction factors prior to the comparison with 
gross beta . .. The reason for this if that iii converting from 'counts]>e;r ·minu~ --to·.· 
disintegrations per minute, a counter efficiency factor is used. This factor is determined by 
calibrating the counter with a 60Co source of known activity. Since the counting efficiency 
for beta particles emitted by 60Co is different from those emitted by '°Sr and 137Cs, the 
coefficients of 1.42 and 1.51 are needed to correct for this error. 

A comparison was also made between the gross alpha activity and the sum of the 
individual alpha emitters. As was the case with the total beta comparison, the values 
compared are averages taken from Table 4-2. The activities of the individual alpha emitters 
were summed as follows: 

Sum of alpha emitters = 241Am + 239/'240pu 
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The comparisons are made in Tables 5-1 and 5-2. Both tables are based on results 
given in Weiss and Mauss (1987). The relative percent difference between the sum of beta 
emissions and the total beta result is 49 percent. Similarly, the relative percent difference 
for the alpha activity comparison is 40 percent. Given the differences in sample recovery 
among the four cores used for characterization and variations in the waste form, the large 
relative percent differences (RPDs) are expected. 

Table 5-1. Comparison of Total Beta Activity with the Total of the Individual 
Activities for 1985 Results. 

90Sr 28.6 y 132 

137Cs 30.17 y 45.4 

Sum of beta emitters (a) 443 

Total beta result (b) 728 

Relative percent difference• 49% 

*Relative percent difference = · the absolute difference of (a) and (b), divided by the average of (a) 
and (b). 

1 Ci= 3.7 E+lO Bq. 

Table 5-2. Comparison of Total Alpha Activity with the Total of the Individual 
· · Activities ·for-1985 ·Results.- - · · 

458 y 0.0334 

239!240pu 24,400 y 0.180 

Sum of alpha emitters (a) 0.213 

Total alpha (b) 0.319 

Relative percent difference• 40% 

*Relative percent difference = the absolute difference of (a) and (b), .divided by the average of (a) 
and (b). 

1 Ci= 3.7 E+lO Bq. 
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As a further check, RPDs were calculated for the sum of the alpha emitters and total 
alpha activity on an individual core basis. The resulting RPDs were 114% for sample 232S, 
22.5% for sample 241S, 16.2% for sample 251S, and 8.3% for sample 261S. These results 
revealed that only sample 232S had an unreasonable RPD between the total alpha value and 
the sum of the individual alpha emitters, skewing the tank comparison. 

A similar core comparison was performed for total beta. The resulting RPDs for the 
total beta activity and the sum of the individual beta emitters were 132 % for sample 232S, 
26.8% for sample 241S, 83;7% for sample 251S, and 12.8% for sample 261S. Two samples 
contained large RPDs, while the other two had close agreement. Sample 232S exhibited the 
largest RPDs for both the total alpha and total beta comparisons. . 

5.1.3.2 Mass and Charge Balance; The objective-in-performing a mass and charge 
balance is to determine if the measurements are self-consistent. In calculating the balances, 
only the sludge data from 1985 were considered, and only analytes listed in Table 4-2 which 
were detected at a concentration of 5,000 µ.gig (0.5% of the total mass) or greater were 
considered. 

Aluminum, bismuth, iron, silicon, and uranium were assumed to be present as 
insoluble species, and the concentration of the assumed species was calculated 
stoichiometrically (Table 5-3). Since precipitates are neutral species, all positive charge was 
attributed to the sodium cation. The anionic analytes listed in Table 5-4 were assumed to be 
present as sodium salts and were expected to balance the positive charge exhibited by the 
cations. The concentrations of the assumed species in Table 5-3, the anionic species in 
Table 5-4, and the percent water were ultimately used to calculate the mass balance. 

Table 5-3. Cation Mass and Charge Data for 1985 Results. 

Aluminum 9,080 Al (OH)3 26,200 8.4 0 

Bismuth 17,800 Bi(OH)3 22,100 38.5 0 

Iron 32,600 FeO(OH) 51,900 53.9 0 

Silicon 8,100 SiOi 17,400 45.9 0 

Sodium 113,000 Na+ 113,000 19.4 4,910 

Uranium 19,500 U3Oa 23,000 36.6 0 

Totals -254,000 NIA 4,910 
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Table 5-4. Anion Mass and Charge Data for 1985 Results. 

Carbonate 18,700 22.0 623 

Fluoride 5,350 70.3 282 

Nitrate 46,600 28.8 752 

Nitrite 12,200 28.7 265 

Phosphate 80,300 49.1 2,540 

Sulfate 5,230 38.8 54.5 

Totals -169,000 NIA -4,520 

RSD = relative standard deviation. 

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

Mass balance = % Water + 0.0001 x {Total Analyte Concentration} 
= % Water + 0.0001 x {Bi(OH)3 + FeO(OH) + Na+ + U3O8 + 

CQ3 •
2 + NQ3 • + NOi + PO43

} 

The· total· analyte roncentrations ·calculated· from· the · above, equation was 
423,000 µ.gig. The mean weight percent water obtained from the 1995° thermogravimetric · 

· analysis reported in Table 4-5 (51.8 percent). The mass balance resulting from adding the 
percent water to the total analyte concentration is 94.1 percent (Table 5-5). 

Table 5-5. Mass Balance Totals for 1985 Results. 

Total from Table 5-3 (from 1985 data) 254,000 

Total from Table_ 5-4 (from 1985 data) 169,000 

Water (from 1995 data) 518,000 

Grand total 941,000 

RSD = relative standard deviation. 
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The following equations demonstrate the derivation of total cations and total anions, 
and the charge balance is the ratio of these two values. 

Total cations (microequivalents) = Na+/23.0 = 4,910 microequivalents 

Total anions (microequivalents) = CO3·2/60.0 + P-/19.0 + NO3·/62.0 + NOi/46.0 + 
PO4-3/95.0 + SQ4-2/96.0 = 4,520 microequivalents 

The charge balance obtained by dividing the sum of the positive charge by the sum of · 
the negative charge was 1. 09. 

The above calculations yield reasonable mass and charge balance values ( close to 1. 00 
for charge balance and 100 percent for mass balance), giving a strong indication that the 
analytical results are fairly self-consistent and therefore reliable. 

5.2 COMPARISON OF DATA SOURCES 

5.2.1 Comparison of 1995 and 1985 Data 

Total alpha is the sole analyte which is common to both the 1985 and the 1995 data 
sets. Since the tank contents did not change appreciably in the interim, either by transfers or 

· by radioactive decay, a valid comparison can be made. The average total alpha activity from 
the 1985 sampling effort was 0.319 microcuries per gram (µCi/g). The average total alpha 
activity from the 1995 sampling effort was 0.145 µCi/g. A relative percent difference 
between the two values is 75 percent. As in the case of the comparison in Section 5.1.3.1 
between the total alpha· activity and that of thtr·sum -ofthe individual--alpha: emitters, _ the 
difference could have been caused by inconsistencies in the size of the samples. 

Sample heterogeneity may also be the cause of the differences between the 1985 and 
1995 data. Samples were not taken from Riser 5 in the 1995 sampling event as they were in 
the 1985 sampling event. Recalculating the 1985 total alpha mean (from Table 4-2) 
excluding the two samples from Riser 5 (leaving only samples 25 lS and 261S) gives 
0.208 µCi/g, much closer to the 1995 result. When comparing just the total alpha data from 
samples taken from the riser common to both sampling events (Riser 15), the results are 
more consistent. Sample 261S from 1985 measured 0.218 µCi/g and the 1995 sample 
S95T000243 registered 0.130 µCi/g, for a relative percent difference of 51 %. 
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5.2.2 Comparison of 1985 Data to the Historical 
Tank Content Estimates 

Analytes common to both the Historical Tank Contents Estimate (Brevick et al. 1995) 
and the 1985 core sampling data are compared in Table 5-6. As can be seen in Table 5-6, 
the agreement is poor. Only four analytes out of fifteen had relative percent differences of 
less than 50 percent. However, those four analytes comprise nearly two-thirds of the waste 
matrix. 

Several analytes that contribute relatively minor amounts to the waste matrix do not 
compare well, including chromium, nickel, and chloride. However, the large differences 
observed between predicted and observed values do not change the interpretation of the data. 
Even the seven-fold difference in chromium is not of concern because it remains less than 
0.01 % of the waste. Radionuclides were consistently underpredicted. Although present in 
small quantities on a mass basis, they can have substantial impact on the properties and 
treatment of . the waste. 

Analytes that contributed substantially to the matrix and did not compare well with 
predicted values are of more concern. These analytes include iron, hydroxide, and sulfate. 
the model appears in this case to overpredict them substantially. The hydroxide comparison 
is not valid, since the analytical values only measure soluble hydroxide and the model value 
is for total (soluble and insoluble) hydroxide. 

5.3 TANK WASTE INVENTORY PROFIT.,E 

The only available measure of tank waste variability for the 1985 sampling event were 
the RSD calculated and included in Table 4-2. The larger the RSDs, the more variable the 
waste was between sampling locations . for .a. particular .analyte. A more complete statistical 
analysis was not possible for that data set since no duplicate samples were analyzed. 

Based on the analyses from the 1995 sampling, it was possible to conduct simple 
statistical tests for the percent water, total alpha, TIC, and TOC analyses to determine if 
there were any differences in analyte concentrations between the two risers (horizontal 
trend). For the TOC analysis, only the results for the furnace oxidation method were used. 

There were several possible limitations in evaluating the comparisons between 
sampling locations. The depth of waste in the tank was too small to warrant any effort at 
examining vertical trends, and there were very few analytes available to test. The sample 
recovery from Riser 18 was also quite poor (Miller 1995b). Finally, Riser 15 was much 
closer to the tank inlet than Riser 18, raising the possibility that this could have influenced 
the disposition of waste in the tank. 
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Table 5-6. Comparison of 1985 Core Sampling Data with the Historical 
Tank Content Estimate. 

Chromium 1,410 210 148 

Iron 32,600 95,600 98.3 

Nickel 1,490 3,320 76.1 

Sodium 113,000 74,900 40.1 

Uranium 19,500 23,400 18.2 

Chloride 698 1,860 90.9 

Hydroxide 1,290 99,400 195 

Nitrate 46,600 90,200 63.4 

Sulfate 5,230 66,100 171 

Carbonate . 18,700 12,800 37.5 

45.4 0.639 194 

~r 132- 3.47 . 190 

2391240pu 0.180 0.00232 195 

Density (g/mL) 1.69 1.42 17.4 

Percent water 51.8 55.5 7.00 

"Brevick, C. H., L.A. Gaddia, and E. D. Johnson, 199S Historical Tank Content Estimate for the 
Northwest Quadrant of the Hanford 200 West .Area, WHC-SD-WM-ER-3S1, Rev. 0, Westinghouse Hanford 
Company, Richland, Washington. 

~elative Percent Difference = the absolute difference of a and b, divided by the average of a and b. 
1 Ci= 3.7 E+lO Bq. 
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The statistical procedure used to determine differences between the two risers is 
known as the analysis of variance (ANOV A). The ANOVA generates a p-value which is 
compared with a standard significance level (a = 0.05). If a p-value is below 0.05, there is 
sufficient evidence to conclude that the sample means are significantly different. However, if 
a p-value is above 0.05, there is not sufficient evidence to conclude that the samples are 
significantly different from each other. 

Only one pair of analytical results were available for total alpha, TIC, and TOC 
analyses. For percent water, the two pairs of results from Riser 15 were treated equally and 
compared to the single pair of results from Riser 18. The results of the ANOVA tests for · 
percent water (p-value = 0.841), total alpha (p-value = 0.374), TIC (p-value = 0.833), and 
TOC (p-value = 0.751) indicated that there were no significant differences in analyte 
concentrations between the two risers for any of the four analytes. Therefore, based on the 
results of these four analytes alone, the contents of tank 241-TY-104 appear to be 
horizontally homogeneous. 

The visual observations from the 1985 sampling event were not unlike the descriptions 
for the 1995 samples. There was some supernatant from one of the risers in the 1985 event, 
and the solids were dark brown and mostly firm but with some variation in moisture between 
risers. The visual observations for moisture in the extruded segments from the 1995 
sampling event did not elaborate much beyond mention that no drainable liquid was 
recovered. The only specific statement was that the sample from Riser 18 was thin, moist, 
and dark brown, while the sample from Riser · 15 was thick, moist, and dark brown. Any 
difference between the two risers based on the thin versus thick descriptions was not 
substantiated by the statistical analysis, which showed no significant difference in percent 
water between the two risers. Thus, there is no reason to distinguish between the waste 
sampled from the two risers based on appearance or analytical results. 

S.4 CO1\1P!RISON OF ANALYTICAL DATA AND TRANSFER .. 
HISTORY INFORMATION 

According to the Tank Layer Model (Agnew et al. 1995b), two waste types remain in 
the tank, (UR, also known as TBP) waste cascaded from tank 24 l-TY-103 and through the 
pump pit risers, and supernatant from other tanks in the TX and TY Tank Farms. The 
lCFeCN waste supernatant was considered suitable for pumping to a crib, and what small 
amount remains contributes little to the present day radioactivity. The UR sludge, according 
to Hanford Defined Wastes: Chemical and Radionuclide Compositions (Agnew 1995), had 
relatively high concentrations of water, cesium, strontium, uranium, sodium, iron, uranium, 
hydroxide, nitrate, carbonate, and sulfate. The 1985 core data agree moderately with the 
values given in Agnew (1995) for sodium, water, and uranium. Values for nitrate, 
hydroxide, iron, sulfate, carbonate, uranium, 90Sr and cesium exhibit poor agreement. 
Interestingly, based on Agnew (1995), no organic carbon or ferrocyanide is predicted to be 
in the UR waste. However, both Hanlon (1995) and Borsheim (1991) indicated that this tank 
received 12,000 g moles of ferrocyanide sludge in the 1950's. 
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Given the process history and the 1985 data, it is likely that ferrocyanide scavenged 
first cycle (lCFeCN) waste exists in the tank. A mixture of UR waste and lCFeCN waste 
would agree well with the observed data. Analytes present in the waste that were not 
predicted by the Tank Layer Model (Agnew 1995) such as bismuth, aluminum, and nickel 
are indicative of 1 CFeCN waste. 

S.S EVALUATION OF PROGRAM REQUIREMENTS 

Only one of the two sampling events being used to characterize the waste in Tank 
· 241-TY-104 was specifically governed by DQOs. The 1995 auger samples were obtained for 

a data assessment according to Tank Safety Screening Da1a Quality Objective (Babad and 
Redus 1994), Da1a Quality Objective to Support Resolution of the Organic Fuel Rich Tank 

· Safety Issue (Babad et al. 1994), and Dala Requirements for the Ferrocyanide Safety Issue 
Developed through the Da1a Quality Objectives Process (Meacham et al. 1994). All tanks 
are being screened for unidentified safety issues as mandated by the Safety Screening DQO. 
Tank 241-TY-104 is included on both the Ferrocyanide and Organic Watch Lists; the 
Ferrocyanide and Organic DQOs describe the sampling and analytical requirements for tanks 
on each of these Watch Lists. 

The Ferrocyanide Safety Program has reassessed its need to sample all Ferrocyanide 
Watch List tanks and has created a priority list of tanks that bound aging (Meacham et al. 
1995). Tank 241-TY-104 was not included on this list, so the nickel and total cyanide 
analyses required by the Ferrocyanide DQO were not performed on the 1995 auger samples. 
Sample material was archived in case the Ferrocyanide Safety Program needed analyses run 
later. Since none of the results from the primary analyses exceeded any decision criteria (see 
discussion below), none of the secondary analyses were required. 

The 1985 core samples were acquired before the existence of DQOs. However, for 
informational purposes, comparisons have been made where applicable ·between ·the results 
from this sampling event and the requirements of the Safety Screening and Organic DQOs. 

5.5.1 Safety Evaluation 

The set of primary analyses required by the Safety Screening and Organic DQOs were 
similar. Both DQOs dictated that DSC be performed to evaluate fuel content, and 
thermogravimetry done to determine the weight percent water. The Safety Screening DQO 
.also required analysis of total alpha activity, while a determination of the TOC content using 
the hot persulfate method was needed according to the Organic DQO. For each of the 
required analyses, a notification threshold is established by the respective DQO which, if 
exceeded, may warrant further investigation to assure the safety of the tank. When the 
analyses required by both the Safety Screening and Organic DQOs had conflicting 
notification limits, the more stringent restriction was used. The notification thresholds of 
both DQOs have been compared with the analytical results from the 1995 auger samples in 
Table 5-7. 
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Table 5-7. Comparison of Analytical Results with Decision Criteria of Safety 
Screening and Organic Data Quality Objectives. a.b 

Safety screening; organic Total fuel content 481 J/g No exothermic 
and ferrocyanide (115 cal/g) reactions observed 

Safety screening; organic Percent moisture 17 wt% 51.8 percent 

Safety screening Total alpha 36.4 µCi/g 0.145 µCi/g 
(1 g/L)c: 

Safety screening Flammable gas S25% LFL <1% LFL 

Organic Total· organic -carbmt- 30,000-·µg · C/g · 867 µg C/g 
"Babad, H., and K. S. Redus, 1994, Tank Safety Screening Data Quality Objective, 

WHC-SD-WM-SP-004, Rev. 0, Westinghouae Hanford Company, Richland, Washington. 
"&bad, H., S. M. Blacker, and K. S. Redus, 1994, Data Quality Objective to Support RuoluJion 

of the Organic Fuel Rich Tank Safety Issue, WHC-SD-WM-DQ<>-006, Rev. 0, Westinghouse Hanford 
Company, Richland, Washington. 

• Although the actual decision criterion listed in the DQ0 is 1 &IL, total alpha is measured in J4Ci/g 
rather than g/L. To convert the notification limit for total alpha into a number more readily usable by the 
laboratory, it was assumed that all alpha decay originatea from 2Dpu. Using the tank waste density of 1.69 
and the specific activity of2Dpu (0.0615 Ci/g), the decision criterion may be converted to 36.4 J4Cilg as 
shown: 

d Analyzed using the hot persulfate method. 
1 Ci= 3.7 E+l0 Bq. 

As can be seen, none of the thresholds for the primary analyses were exceeded. · The 
absence of energetics and the high nickel concentrations (see Table 4-2) indicate that the 
ferrocyanide has aged. The Organic DQO also requires a visual inspection of any recovered 
liquid for a possible organic layer. No liquid was recovered from either auger, so no 
organic layer observations were possible. It should be noted that observations from the 1985 
core samples showed that two of the six cores contained a small amount of a separable 
organic phase (Weiss and Mauss 1987). However, because the 1985 sampling and analysis 
events occurred prior to the establishment of the organic DQO, organic analyses were not 
performed at that time. The small amount of separable organic phase material discovered 
during the 1985 sampling could have been due to the use of a liquid hydrocarbon as the 
hydrostatic head during core sampling. 
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Because the energy equivalent of the TOC values obtained by hot persulfate were 
< 75 percent of the DSC value, a secondary analysis for TOC using the furnace oxidation 
method was perfonned. Results using this method were higher (6,370 µg C/g), but they 
were still much less than the 30,000 µg C/g notification limit specified in the Organic DQO 
(Babad et al. 1994). 

The criteria identified in the Safety Screening and Organic DQOs can be compared to 
the results from the 1985 core samples for a rudimentary evaluation. A true safety screening 
and organic .evaluation of these samples is not possible since the sampling was not done to 
DQO specifications and DSC and percent water detenninations were not perfonned. 

Although DSC analyses were not perfonned on the 1985 core samples, the waste fuel 
content can be investigated by reviewing-1'0C·results-:·--The·TOC concentration of the sludge 
(1,930 µg C/g) and drainable liquid (2,110 µg C/g) is well below the 30,000 µg C/g 
notification limit (Babad et al. 1994). No cyanide analyses were performed during the 1985 
analysis. The potential for criticality is assessed from either total alpha or plutonium 
analysis. The safety screening criteria is 1 g/L, or 36.4 µCi/g of 2391240pu as derived 
previously. The 1985 sludge samples contained 0.180 µCi/g of 239!240pu, far less than the 
threshold. The 1 g/L notification limit is equivalent to 61.5 µCi/mL of 2391240pu, using the 
specific activity of 239/240pu. The 1985 core sample data revealed that the drainable liquid 
contained only 0.00162 µCi/mL of 23912AOpu, more than satisfying the criticality requirement. 

Another factor in assessing the safety of the tank is the heat generation and 
temperature of the waste. Heat is generated in the tanks primarily from radioactive decay. 
Temperature information for tank 241-TY-104 was given in Section 2.4.2. The amount of 
heat resulting ·from radioactivity in the tank is calculated in Table 5-8. The estimated total 
curies for each analyte is listed in column 2 (from Table 4-2), the RSD is given in column 3, 
and the number of watts is listed in column 4. Based on the information in this report, the 
projected heat load for the tank is 325 W (1,110 Btu/hr), which is approximately the energy 
emitted by three lOO'W light bulblC Theheat load estimate is well below.the .40,000 Btu/hr 
upper safety limit specified for single-shell tanks (Hanlon 1995). The temperature of the 
tank from January 1976 to January 1994 ranged between 12 °c and 34 °c (53-94 °F). 
Since an upper temperature limit is exhibited, it may be concluded that any heat generated 
from radioactive sources throughout the year is satisfactorily dissipated. 

Information obtained from the document, Estimation of Heal Load in Waste Tanks 
Using Average Vapor Space Temperatures (Crowe 1993), shows tank 241-TY-104 as having 
an estimated heat load of 880 W (3,000 Btu/hr). This is approximately 2. 7 times higher than 
the projected heat load calculated here. In any case, both heat load estimates are well below 
the upper safety limit specified for single-shell tanks. 
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Table 5-8. Tank 241-TY-104 Projected Heat Load. 
:7:':===T'7:'rr,s,;:::::,®)!:::Av::\a7-ctts7"'=:\S:Lrr ___ 777:1 

Watts 

9.82 

13,300 
60Co 6.64 

129J < 57.0 
2391240pu 52.9 

90Sr 38,800 
9.06 .. 

RSD = relative standard deviation. 
1 Ci = 3.7 E+lO Bq. 

,;.;.:,:•:•:•:•:•:·:•:•'.•:-:-:-:·:•:•.··•: :-:-:•:•:•:•:•·•:-·•·•: 

26.2 0.322 

76.2 62.8 

70.9 0.102 

0.0267 

16.6 1.61 

82.8 260 

16.8 · 4.54 E-03 

64.4 325 

The flammability of the gas in the headspace of a tank is an additional safety 
screening consideration. Before waste sampling occurred in February 1995, the headspace 
flammability, as measured by combustible gas meter, was found to be less than 1 % of the 
lower flammability limit (Meacham 1995a). Detailed results of this headspace gas sampling 
are contained in Huckaby (1995) and are not reproduced here. 

5.5.2 Operational Evaluatiom 

Tank 241-TY-104 has been removed .from service.and no.longer .receives waste. In 
addition, stabilization efforts have been completed to remove all puinpable liquid ' 
(Hanlon 1995). It is unlikely that further liquid will be removed. Consequently, a 
compatibility assessment for the tank liquid was not considered relevant. 

5.5.3 Process Development Evaluation 

The Pretreatment DQO, Interim Data Quality Objectives for Waste Pretreatment and 
Vitrification (Kupfer et al. 1994), lists a wide array of analyses that were requested to be nin 
on tank samples. The Pretreatment Program has since decided that all of these analyses are 
not necessary. When the program has decided which analyses they need, they will then 
direct the laboratory to perform those evaluations. Therefore, the Pretreatment Program 
requested a 125 m L solid composite sample for process development and a 100 mL solid 
composite sample for archive. 
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The metal and anion analysis of the waste from the 1985 sampling is important for 
evaluating the disposal waste form (glass) formulations and identifying potential components 
that may affect the treatment and disposal process. Because the waste sludges may be 

. blended, washed, and treated before disposal there are no specific criteria for the parameters 
measured. Extensive rheological analyses have yet · to be conducted on the waste. The. only 
information on rheology available from the 1985 sampling event indicates that the viscosity 
of the waste is > 10,000 centipoise (Weiss and Mauss 1987). Once these evaluations are 
performed, the results will assist the retrieval and pretreatment programs in determining 
equipment needs. 

The data from the · metal and anion analyses reported on the water digested solids 
yields solubility information that may be useful in the retrieval of the tank waste. The 
solubility of metals, anions, and radionuclides-was -examined··by comparing the water 
digested results with the total concentration results. This percent solubility determination is 
given in Table 5-9. Only those analytes that were detected in the leachate re~ulting from the 
water digestion for all four sludge samples were considered. 

The data demonstrate that the anions (fluoride, nitrate, nitrite~ and carbonate) were 
extremely soluble. Chromium, phosphorus, sodium, total organic carbon and 991J'c were 
slightly less soluble. The results indicate that a large part of the chromium may be present 
as the soluble Cr(VI) species rather than the relatively insoluble Cr(III). More than 
two-thirds of the phosphorus in the tank will enter solution as the phosphate ion or one of its 
hydrogenated derivatives, depending on the pH. Silver and mes displayed limited solubility. 
The solubility of mes is expected to approach that of sodium, but the data indicate 
otherwise. The remaining metals and ~rare relatively insoluble. 

5-14 



9613456~0660 
WHC-SD-WM-ER-481 REV 0 

Table 5-9. Percent Water Solubility for Tanlc 241-TY-104 Analytes for 1985 Results.• 

----::1111:::::::;;;:;;:;:;:11::::;:}.;:;:;;,:::::;:;,;;;::;j:1:::::~1u;:;:::;:;:::*:,:::::;::;::;1~:::::\11 u;1:1:;;,;;i::1t:::i1:;;;;,;1:a:::;i:,i:;:;:;1,;i,;;r,;1~i;;,:111 i:;t1:::;::1:1;::1mffi~ili:: 11::1:1:;w;;:;::::;;:;:;::;11~1 1~w)1::;1;,:::111~;11:: 

Aluminum 415 9,080 4.6 

Chromium 897 1,410 64 

Iron 48.2 32,600 0.15 

Nickel 16.7 1,490 1.1 

Phosphorus 17,800 26,200 · · 68 

Silicon 163 8,100 2.0 

Silver 2.79 12.1 23 

Sodium 86,200 113,000 76 

Uranium 37.8 19,500 0.19 

!Eg!!:!iJ;ii[~::!i!:;!::!J:~Jf:i:J:;::::::i:!:ii!i:Ji.:iij:J:~[i!:i!:!:t,;ii11l1i::::::::::[\~lll !l~i!ii!:!i!:i::ii~:~1:::i::i.Uiil1!i:;i:;i:!~i:ji;i1!ii:::::\Ell.1:if ll~i!:i.~iiJiii~ljU~j/tilr, i,:i~l!1i.:il111:it :!Jl;i~\li~i~11.1;iit~1:(~i 
Fluoride 5,350 5,350 100 

Nitrate 44,700 46,600 96 

Nitrite 12,200 12,200 100 

Carbonate 18,700 18,700 100 

Total organic carbon ... , . 1,640 __ ... J,930 ... 85 

16.5 45.4 36 

~r 0.0393 132 0.030 

0.0240 0.0308 78 

1 Ci = 3. 7 E+ 10 Bq. 
*Weiss, R. L., 1986, TY Tank Fann Waste Ouzracterizalion Data, RHO-WM-TI-lP, Rockwell Hanford 

Operations, Richland, Washington. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The sludge in tank 241-TY-104 was sampled and analyzed in 1985 and 1995. The 
1985 core samples were evaluated for a broad spectrum of analytes which included metals, 
anions, radionuclides, density, and total organic carbon. Since transfers to or from the tank 
have not been made since 1974, the data are considered to adequately represent the 
composition of the sludge. The information obtained from the 1985 sampling event is the 
best available data and has not been confirmed by more recent sample analyses. These 
samples were taken before the existence of DQOs. Consequently, the sampling and analysis 
may not meet requirements of the currently applicable DQOs. 

The 1995 auger sampling event was governed by Tank Safety Screening Data Quality 
Objective (Babad and Redus 1994), Data Quality Objective to Support Resolution of the 
Organic Fuel Rich Tank Safety Issue Developed through the Data Quality Objectives Process 
(Babad et al. 1994), and Data Requirements for the Fe"ocyanide Safety Issue Developed 
through the Data Quality Objectives Process (Meacham et al. 1994). Since tank 241-TY-104 
was .not on the Ferrocyanide Safety Program's priority list, all primary analyses required by 
the Ferrocyanide DQO were not performed. Before waste sampling occurred in 
February 1995, the headspace flammability, as measured by combustible gas meter, was 
found to be less than 1 % of the lower flammability limit (Meacham 1995a). Only analyses 
for fuel content (by differential scanning calorimetry), percent water (by thermogravimetric 
analysis), total organic carbon, and total alpha activity were done. None of the results 
exceeded notification limits of the applicable DQOs. 

Tank 241-TY-104 is on the Organics Watch List. The Organic DQO established a 
30,000 µCi/g threshold notification limit for TOC. TOC determinations from both the 1995 
analysis and 1985 analysis show that TOC levels are far below this limit. Also, the absence 
of exothermic reactions demonstrates . that excessive fuel ( either total organic carbon or 
ferrocyanide) is not present. The presence of high nickel concentrations ·indicate the tank did 
receive ferrocyanide and that the ferrocyanide has subsequently aged. The 
thermogravimetric analysis showed that the sludge contained 51.8 percent water. Based on 
these results, it appears that the sludge poses no immediate safety concerns and the tank 
should be investigated for removal from the Organic Watch List. However, observations 
from the 1985 sampling event showed that a separate layer of organic was present in two of 
the six cores (possibly due to a liquid hydrocarbon being used as the hydrostatic head during 
core sampling). The 1995 auger sampling event only recovered solids. A water digestion of 
the 1995 auger samples is recommended to fully investigate the presence of soluble and 
insoluble organic species in the tank waste. 

The waste was found to contain approximately 51. 8 weight percent water based on the 
February 1995 auger samples and this compares well with the historical estimate in Table 2-5 
of 55.5 weight percent water. 
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The sludge should primarily contain UR waste as expected from the tank layer model. 
Based on the transfer history, ferrocyanide scavenged first cycle waste may also be present. 
The only constituents found in levels close to their predicted amounts were sodium, water, 
and uranium. Only 1,110 Btu/hr (325 watts) are generated by the radionuclides in the tank 
using information in this report. · 
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APPENDIX A 

198S AQUEOUS LIQUID SAMPLE DATA 
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Table A-1. 1985 Aqueous Liquid Sample Data for Tank 241-TY-104.• (2 sheets) 

::::::I::::::::::::: ::::::: [ip!)_y~J::::: ::::::: I i:::::: :: :gi::it.!::::t::::::::J :::: ;::::::g~~::i:::::::::::::::: :I::::: ::i!tl:iI:::::::r ::::::::::::::::i I'rf#r4g(}:1:1::::r ::::::::::::g§glii::fl 
·.·.· •·•·· :· il!ll!i!#.iimi: : :: : J }t:t(lii!l:i:i[i::::::: :::::;:=:r::: p;gfp;g:::::::Itt ::::::::::::::::::::ijl~;w;iJ:::=:ii :iJlJII ::::1J::::::::1 

Aluminum 0.508 0.628 0.573 0.570 10.5 

Barium 1.39 E-04 2.00 E-04 1.3 E-04 1.56 E-04 24.4 
Bismuth <0.00220 0.00260 <0.00110 0.00197 
Cadmium · <5.00 E-04 <5.00 E-04 <2.50 E-04 <5.00 E-04 
Chromium 1.46 1.89 1.66 1.67 12.9 
Iron 0.206 0.264 0.233 0.234 12.4 
Lead 0.00727 <0.00160- 9:60 E-04 · 0.00328 106 
Manganese <0.00400 <0.00400 < 0.002()() <0.00116 
Nickel 0:178 0.0267 0.0177 0.0207 24.9 
Phosphorus 3.62 4.10 4.04 3.92 6.67 
Silicon 0.041 0.00860 0.00610 0.0186 105 
Silver 0.0038 0.0072 0.0047 0.00523 33.7 

Sodium 87.1 74.8 89.1 83.7 9.26 

Uranium 220 37 40 99.0 106 
Zirconium <9.20 E-04 <9.20 E-04 <4.60 E-04 <7.67 E-04 

iAiiio#strrrr: ··· · :::::(:: :1:::#11,t:::::::::::t :i11:::t1+lm1]::::::::::::::::::::ri::#!.l.uv:::::::1::::::: :::[:::1:I:::u1rr4:::l::::::::::::::::::::::::::r:r~ 1r::::::::::: 
Carbonate 30,800 40,000 35,000 35,300 13 
Chloride 1,170 1,530 1,280 1,330 13.9 
Fluoride 456 589 . 513 519 12.8 
Hydroxide 272 · ·· 221" · 221 238 12.4 

Nitrate 85,600 114,000 97,300 99,000 14.4 

Nitrite 15,700 6,900 11,200 11,300 39 
Sulfate 4,710 6,250 5,380 5,450 14.2 

:&,§~::ig§gfJtt: t::::: I r:::;:;g:::~f@.tf f:!f : ug:i~li;iit:::::::::: ::::t:JµJg::::~mt:::::::::::: :ii::::::t:1;1:t:fP'!m:::i:::::::::: -
Total organic carbon 1,860 2,050 · 2,410 2,107 13.3 
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Table A-1. 1985 Aqueous Liquid Sample Data for Tank 241-TY-104.• (2 sheets) 

)J:j:::: :: :::[:~ @..yt#:jj . : f)::i:~iii:i:ii:!:i n::::::::J~pm:::::::::::] :: ::t ::::/iilltl:::::::[::::::::: tii[lvim~II[i :::::::::::::::H§Qif :::::::::: 
#.~J.tnijI:J::] i:!IItJ;;1t,q4:1:::; : IJ:: I::::::lt,@iv.#::::::::::::::Jti:/1::::::H:@imJ:::::::::::::::: 

241Am <2.82 E-04 <3.05 E-04 <3.01 E-04 <2.96 E-04 

9.28 E-04 0.00117 0.00102 0.00104 11.6 

16.2 19.1 17.1 17.5 8.50 
60Co <0.00210 <0.00238 0.00714 0.00387 73.1 
23912AOJ>u 0.00145 0.00191 0.00149 0.00162 15.8 
90Sr 0.0828 0.111 0.0885 0.0941 15.8 

~c ·o.449 . 0.559 ... 0.486 0.511 15.3 

Total alpha 0.00641 <0.003TI 0.00229 0.00416 50.2 

Total beta 20.7 21.1 28.3 23.4 18.3 

Total gamma 16.2 19.1 17.3 17.5 8.35 

pH 12.2 12.1 12.1 12.1 0.48 

Density (g/mL) 1.16 1.21 1.18 1.18 2.13 
*Weiss, R. L., 1986, TY Tank Fann Waste Ouuacterization Data, RHO-WM-TI-lP, Rockwell Hanford 

Operations, Richland, Washington. 
RSD = relative standard deviation (standard deviation/mean) of the data. 
µg/ml = microgram/milliliter. 
% = percent. 
µg C/ml = microgram carbon/milliliter. 
µCi/ml = microcuries/milliliter. 
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APPENDIX B 

ANALYTICAL PROCEDURES FOR 1985 CORE SAMPLES AND 
1995 AUGER SAMPLES 
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Table B-1. Analytical Methods For 1995 Auger Samples.• 

Total organic carbon; total inorganic 
carbon 

Total organic carbon 

Total alpha 

Energetics content 

Moisture content 

:·: ::-: : : iPtciedure: :::: . 
:-:•·•:•:• -:-:.;.•,:. -:-·-·.·-:-·,·-·.:,, •. ·:-·-·-.· •. •.· •. -:❖'.·:•: • 

Hot persulfate LA-342-100 

Furnace oxidation LA-504-101 

Proportional counting LA-508-101 

Differential scanning LA-514-113 
calorimetry 

Thermogravimetric analysis LA-560-112 
*Schreiber, R. D., 1995, Tank 241-TY-104 Tank OiiiriJeterizalion Plan, WHC-SD-WM-TP-301, Rev. 0, 

Westinghouse Hanford Company, Richland, Washington. 

Chloride, fluoride, nitrate, sulfate 

Nitrite 

Metals 

90Sr 
239!240pu 

241Am 
60Co, 137Cs, total gamma 

Total alpha 
Total beta 

Carbonate 

Total organic carbon 

pH 

Hydroxide 

Uranium 

Density 

Ion chromatography 

Spectrophotometer 

Inductively coupled plasma 

Liquid scintillation counting 

Beta proportional counting 

Alpha proportional counting 

Gamma energy analysis 

Alpha proportional counting 
Beta proportional counting 

Total inorganic carbon 

Total organic carbon 

pH meter 

Autotitration 

Laser fluorimetery 

Density 

LA-553-105 

LA-,645-001 

LA-505-143 

LA-348-102 
LA-438-101 

LA-220-101 

LA-503-155 ·· ··· 
LA-503-154 

LA-548-121 

LA-548-103 

LA-622-101 

LA-344-101 

LA-212-102 

LA-332-112 

LA-925-106 

LA-510-112 

*Weiss, R. L., and B. M. Mauss, 1987, Data Transmittal Package/or 241-TY-104 Waste Tank 
Characterization, SD-RE-TI-182, Rockwell Hanford Operations, Richland, Washington. 
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APPENDIX C 

PHOTOGRAPHS OF EXTRUDED AUGER SAMPLES (FEBRUARY 1995) 
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