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EXECUTIVE SUMMARY 

This stndy examined and assessed the status, safety issues, compositi.Dll, and distribution of 

~ wastes contained in the tank 241-BX-107. Historical and most rcceot information, 

ranging from en1incering structmal assessment experiments, process history, monitX>rin& and 

rcmediatioo activities, to analytical core sample data, were compiled and interpreted in an 

effort tn develop a realistic, contemporary profile for the tank BX-107 contents. 

The results of tbis is study rcvcaJcd that tank BX-107, a 2,006,050 L {530,000 gal) 

cylindrical single-shell, dished-bottom carbon-steel tank in the 200 East Area of the Hanford 

Site, was classified as sound. It has been inlerim stabilized and thus contains less than 

1~9,250 L (50,000 gal) of interstitial liquid, and less than 18,925 L (5,000 gal) of 

supernatant. It has also been partially interim isolated, whereby all inlets to the tank arc 

sealed to prevent inadvertent addition of liquid. 

A_t a residual waste level of - 3.07 m (120. 7 ± 2 in. from sidewall bottom or -132.9 in. 

from center bottom), it is estimated that the tank BX-107 contents are equivalent to 

1,305,825 L (345,000 gal). The vapor space pressure is at atmospheric. The 1alcst 

temperature readings, which w~ taken in July 1994, show a moden.te temperature value of 

19 °C (66 °F). Two supernatant sarnp1es were collected in 1974 and 1990, prior to interim 

stabiliz:ation. Sludge core .samples were obtained in 1979 and 1992 (see Figure F.S-1). 

iii 
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Fipre F.S· l. Waste Level, Riser Confi&uration. and 1992 Samples I.«ation. 
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Based on available data, no evidence of significant vatical or horizontal WU1e layerinJ wu 

found. Table P.S-1 provides summary information relative to tank BX-107 structure, status, 

and contents. Table ES-2 presents chemical and physical analysis u well as cslcnJatm 

inventory summaries. 

The results of the analyses have been compared to the dangerous WU1c codes in the 

Washmgron Administrative Code •Dangerous Waste Regulations• (WAC 173-303t. This 

assessment was conducted by comparing tank analyses against dangerous waste characteristics 

c•o• waste codes) and Washington State waste codes. Tank analyses were not checked 

against "U, • "P, • "F," or •K" waste codes because applying these coclcs is dependent on the 

source of the waste and not on particular constituent concentrations. The results indicate that 

the waste in this tank is adequately described in the Dangerous Waste Permit Application.far 

the Single-Shell Tank Sysrem2
• 

1WAC 173-30, 1990. Dangerous Waste Regulations,• Washington A.dministralive Cork, 
as amended. 

2DOE-RL, 1993, Dangerous Waste Permit Application fer the Single-SMll Tank Syston, 
DOFJRL-88-21, Rev. 3, U.S. Department of Energy, :Richland Operations Office, Richland, 
Washington. 

V 
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Table ES-1. Tank BX-107 Status Overview. 
Parameter Status Basis 

Structure Qualify for high-hamrd Postulated hued 00 pilot 
desian experiment, 

Integrity Sound, no known leaks Based OD dry well 
indications; no suspicious 
levd drops in proca& history 
(FIC) 

Mitiption activities Interim stabilized < 50,000 gal interstitial 
liquid 
<5,000 gal supernatant 

Partially interim isolated Sealed to prevent inadvertent 
liquid addition 

Safety classification ~ Watch List Based on safety criteria, 
analytical results, and 
surveillance daca 

Tank capacity 2,006,050 L By design 
(530,000 gal) 

Residue level in tank -3.07 m (120.7 +2 in. Actual surface level 
from bottom sidewalls, measurement [mcludes 
132.9 in. from bottom supernatant) 
center) 

Slud&e calculat.cd volume 1,302,040 L Based on swface level data 
(344,000 ±1,000 gal) includes drainable interstitial 

liquid 
Sludge calculated weight • l,880,388 kg From surface level 

measurements and 
corresponding calculated 
density and volume 

Drainable interstitial liquid -109,765 L ( -29,000 gal) Estimated from liquid level 
volume data 

Supernatant caJculated 2,271 L (600 gal) Based on surface level data 
volume 
Tank vapor space pressure Atmospheric Passive: ventilation 

Sludge color Mostly grey with scattered Based on physical 
red streaks observations ( l 'T19 core, 

1992 hot cell) 

Sludge consistency Soft putty Based on physical 
observations and viscosity 
experiments 

vi 
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Table F.S-2. Chemical, Radiochemical, and Phyair.al Analysis Summary. (3 pages) 

1992 Cores 

Group Mol. 40 and 41 Tank inventory 
Wt. Average Total Concentration Buc:d on 1992 core data 

Wet Basis 
Mc:1als Weightli Kg-Carbon scale 
Na 23 10.2 J91800 
Al 27 1.43 1.6890 
Si 28 0.68 12755 
p 31 2.35 44152 
s 32 0.44 8349 
K 39 0.03 495 

Ca 40 0.10 1956 

Cr 52 0.097 1820 
Fe 56 1.11 20872 

Bi 209 2.23 41933 

u 238 0.23 4370 

Total metals inventory 
(excluding phosphorus and 16.22 304230 
sulfur)• 

Radionuclides µCi/g KCi 

AT 0.0963 0.1811 
·- ·ru 0.0572 0.1076 .. 

12JIU 7,467E-4 0.0014 

TB 46.7 87.81 

mes 17.4 32.72 

~r 9.87 18.56 . 
Total radionuc.Jidcs inventory* 46.80 -88 

vii 
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Table ES-2. Chemical, Radiochemical, and Physical Analysis Summary. (3 pages) 
1992 Cores 

Group Mot. 40 and 41 Tank inventory 
Wt. Average Total Concentration Based on 1992 core dabl 

Wet Basis 

Anions weight~ Kg 
F- 19 0.92 17281 
Cl- 35 0.11 2144 

NOj 46 0.81 15269 

NC>; 62 13.7 257613 
COj' (JO 0.58 1()')11 
~J (calculated from 

95 7.26 136537 
total phosphorus) 

so/ 96 1.34 25197 
Total anions inventory• 18.89 4644@ 

J'otal metals and anions 35.11 6(j()190 
inventory 
Total organic carbon 0.07 1252 
Physical Units 
properties 

pH (100 to 1 dilution of solids) 9.71 NA 

Total solids (dry) 44.13 ,:, 
Water -56 % 

Undissolved solids 36.73 ~ 

Temperature 66 -p 

Bulle density 1.44 g/cm:, 

Particle density (1979) 2.25 g/cml 

Supernatant density 1.19 gtcm:t 

viii 
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Table ES-2. Chemical, Radiochemical, and Physical Analysis Summuy. (3 page.1) 

1992 Cores 

Group 
Mol. 40 and 41 Tank inventory 
Wt. Average Total Concentration Based on 1992 core data 

Wet Basis 

Particle si7.e clistn'bution ± 20 % Number 

0.5 - 2 µ.m 90 " 2 - 5 pm 9 ,r, 

S - 1!50 µm 1 " NOTE: This table includes analytes present in Significant concentrations only. The total 
inventory values reflect total calculated from comprehensive data. Concentration m data 
and tank inventory values includes round-off error. Inventory data is based on bulk density 
and does not account for oxygen (metal oxides or hydroxides). 

ix 
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PREFACE 

The goal of this rq,ort is to be customer and user friendly. The primary customer of 
Westinghouse Hanford Company, as the Operations and Maintenance COlltrector for the 
Hanford Site, is the U.S. Department of F.ncrJy. In addition to the U.S. Department of 
F.neqy. data users include lhc program clements within Westinghouse Hanford Company lhat 
arc tasked with the safe storaie, retrieval, pretreatment, and final disposal of the tank waste. 
Other users of this document can range from State and Federal age.ncics such as the 
Washington State Department of .Ecolo&Y and the U.S. F.nvironmcn1al Protection Agency, to 
private parties such as land owners and the Yakima Indian Sovereign Nation, to intr.rested 
parties such as other U.S. Department of Eneray sites and government contractors. 

X 
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1.0 INTRODUCTION 

Tank 241-BX-107, hereafter referred to as BX-107, is a 2,006,050 L (530,000 gal) tank that 
was built from 1946 to 1947 to ~upport plutonium/uranium production and recovery activities 
at the Hanford Site_ This report is designed to characteriz.e the structure and conten~ of tank 
BX-107 based on a combination of process information, historical1 and re.cent analytical data. 
In addition this report makes recommendations and conclusions concerning tank waste 
management issues. · 

1.1 PURPOSE 

The objective of this report is to produce technical, user-friendly information that meets the 
Tank Waste Remediation systems (TWRS) program and data quality requirements. This 
infonnation, which includes physical, chemical, and radiological properties will be a major 
input into the decision process to appropriately retrieve and manage the material contained in 
tank BX-107 and the tank structure itself if necessary. 

This document will primarily support the Hanford Federal Facility Agreement and Consent 
Order (Tri-Party Agreement) (Ecology et al. 1994) Milestone M-44-05. New infonnation 
related to tank BX-107 will be incorporated into the BX-107 Tank Characterization Report 
(fCR) ·as it be.comes available. -

1.2 SCOPE 

This report is an effort to concisely compile information on tank BX-107 and provide 
technical interpretation of the data. This effort includes reviewing all relevant tank records, 
including but not limited to process function and history, structural assessment, contents 
sampling, and analysis. Simulation model results, e.g., Track Radioactive Components 
(TRAC*"'*), are compared against actual analytical values. Finally, specific safety issues 
and program element needs arc addressed based on the results of the waste characterization. 

, .. -TRAC is a mathematical model developed to predict current tank content, based on 
historical process data. 
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2.0 IDSTORICAL TANK INFORMATION 

This section will provide an overview of the Hanford Site radioactive-mixed waste single­
shell tank (SST) farms and then focus on the history of tank BX-lITT as it relates to its design 
specifications, process history, and contents . 

.2.1 TANK IDSTORY 

2.1.1 General Hanford Site Single-Shell Tank Fanns Hlstory 

Between 1943 and 1964, 149 SSTs, with capacities ranging from 208,175 - 3,785,000 L 
(SS ,000 to l M gal) were constructed to support the Hanford Site radioactive material 
production and recovery projects. In addition to the SSTs, 28 doubl~shell tanks {DST) were 
constructed between 1966 and 1986, each with a capacity of 4,731,250 L (1.25 M gal). 

The SSTs are located in 12 tank groups, called tank farms, which contain up to 18 tanks 
each, in the 200 East and 200 West Are.as of the Hanford Site. 

Additional generic infonnation, related to process configuration, construction material, 
layout, structur.al. integrity, and general use measures relative to the Hanford Site SSTs tanks 
are compiled in the Tank Characterization Reference Guide (WHC-SD-WM-TI-648). 

2.1.2 241-BX Tank Farm Surveillance 

The BX Tank Farm is located in the 200 East Area of the Hanford Site. It consists of 12 
(530,000 gal) (2,006,050 L) tanks as shown in Figure 2-1. 

The BX Tank Farm is regularly monitored for possible leaks using liquid level indicators, 
dry wells, and liquid observation wells (LOW). Figure 2-2 shows a typical vertical section 
layout configuration. The liquid level in each tank is scanned using automatic liquid level 
gauges that feed into a Computer Automated Surveillance System (CASS). Manual tapes are 
used as a backup. External vertical dry wells are monitored using scintillation probes. 
Neutron and gamma probes are used alternately on a quarterly basis to monitor LOWs. 
Temperature, using thermocouple trees, and headspacc pressure, are continuously monitored. 
Tank dome elevation surveys are also taken to me.a.sure any indication of a tank dome 
collapse (Weltey 1989). 

The BX Tank Farm consists of four cascades of three tanks each. Its primary function was 
to support B Plant operations. Two of the BX farm tanks arc classified as ferrocyanide 
Watch List tanks (June 1993). and five tanks arc assumed leakers. The farm contains 
approximately 5,124,890 L (1,354 Kgal) of sludge, 586,675 L (155 Kgal) of salt cake, plus 
189,250 L (50 Kgal) of supernatant liquids, thus adding up to a total volume of 5,900,815 L 
(1,559 Kgal) (Hanlon 1993). 

2-1 
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Figure 2-1. 241-BX Tank Farm Layout 
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Figure 2-2. 241-BX Tank Farm Vertical Section Layout. 
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2.1.3 BX-107 Tank Specifications 

The configuration of tank BX-107 is similar to the first generation SSTs. Figure 2-3 is a 
two-dimensional sketch of tank BX-107. Tank BX-107 is a 22.9-m-diameter (75-ft­
diameter), 4.88-m (16-ft) elevation tank with a .3-m (12-in.) deep dished bottom. Although 
8 vertical risers and l centrally located vertical salt well pit arc shown, tank BX-107 has a 
total of 12 risers. Figure 2-4 depicts a generic SST instrumentation configuration. Tanlc 
BX-107 has a 2,006,050 L (530,000 gal) capacity. It consists of an ASTM A283 grade C 
carbon steel liner constructed within a reinforced concrete tank and dome. 

2.2 PROCESS KNOWLEDGE 

Tank BX-107 received primarily B Plant first-cycle waste and cell 23 concentrated waste 
(Prosk 1986). Because of tht: ,,:aste management operations between 1952 and 1980, process 
effluents from REDOX. PUREX, and other plants may have found their way into 
tank BX-107. 

In September 1948, the tank began filling with byproduct cake solution from the first 
decontamination cycle residues generated in the canyon building, which supported the BiPO, 
process (waste type IC). The tank's contents recorded volume during the third quarter of 
1952 was 2,006,050 L (530,000 gal). 

By the end of 1952 when alJ released supernatant liquid was pumped out of tank BX-107, 
there were 1,654,045 L (437 .000 gal) of settled sludge left in the tank. During the second 
quarter of 1953, 352,050 L (93,000 gal) of tributyl phosphate (TBP) waste were added to 
tank BX-107. 

Between 1953 and 1968, the volume of the sludge remained between 1,619,895 L to 
1,619,980 L (428 to 447 Kgal) while liquid volumes fluctuated between 34,065 L to 
492,050 L (9 to 130 Kgal). 

In the last quarter of 1968, 598,030 L (158,000 gal) were transferred to tank BX-106, which 
left tank BX-107 with 1,548,065 L (409,000 gal) of sludge. The sludge was a mixture of lC 
and TBP residues. 

In the third quarter of 1969, tank BX-107 began receiving lX type waste•. Records show 
that the sludge volume decreased to 1,423, l 60 L (376,000 gal) and the liquid volume 
increased to 624,525 L (165,000 gal). 

•Generated from the cesium recovery process at B Plant, lX waste (largely liquid, with 
very little suspended solids) included ion exchange column waste, column wash waste, and 
cesium purifi~tion waste. 
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Figure 2-3. Tank 241-BX-107 Configuration. 
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Those levels remained approtirnately constant until 1974 when 249,810 L (66,000 gal) of 
tank BX-107 supernatant liquid were transferred to tank BX-106 for solidification. The 
remaining 374,715 L (99,000 gal) of liquid were used as evaporator feed in 1977, leaving 
the tank with 1,423, lfiO L (376,000 gal) of residual sludge from 1977 to 1980. In 1977, the 
tank was decommissioned (Anderson 1990). 

Figure 2-5 shows the level history for tank BX-107 between 1948 and 1993. A detailed 
model that depicts process history by waste type was developed by Los Alamos National 
laboratory (LANL) (Agnew 1994). 

2.3 TANK CURRENT STA TIJS 

2.3.1 Structure 

The tank BX-107 structure is qualified for the current high-hax.ard design spectrum of 
0.2 times gravity (Becker 1990). No corrosion counter.measures, such as cathodic protection 
or the addition of chemical inhibitors, are currently being applied to the tank's steel shell. 
Tank BX-107 is classified as sound; i.e., surveillance data indicate no loss ofliquid 
attributed to a breach of tank integrity (Hanlon 1993). Dorne loading and deflection are 
reported to be within the structural limitation specifications. · 

2.3.l Contents Overview 

2.3.2.1 Physical ~ription. The contents of tank BX-107 consist of a water-saturated 
sludge layer. The most recent tank photographs were taken in September 1990 (Hanlon 
1990). Figure 2-6 is a top view color photo collage. The liquid-filled well in the center of 
that figure was left by the salt well pump, which was used for interim stabilization. In 
general, Figure 2-6 shows a relatively heterogeneous top layer with a mostly grey texture 
(note the brownish color in the c.enter photos is probably due to lighting c.onditions) with red 
and bluish streaks. The blue-colored markings are obvious on the internal side of the tank's 
steel shell and could be attributed to ferrous phosphate and/or sulfate crystals [F~(POJ2 

(insoluble), FeSO-1, 7H20 (soluble)]. The reddish spots could be attributed to ferric 
oxide/hydroxide compounds (such as FeO(OH) insoluble crystals). Other ferric and fe.rrous 
compounds such as phosphates (Fe(H2POJ3, F~(P20,),.H2O,FePO,, Fe(PO4)J, nitrates 
(Fe(N~h-9H1O), and sulfates (Fei(SOJl) are grayish in color and can easily blend into the 
dominant grey color of tank BX-107 waste making identification of potential species by 
visual observation infeasible. Stabilization records indicate that the surface is a light brown, 
sludgy fine material with a pool of liquid located north of riser #4 (Boyles 1990). 
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2.3.2.2 Waste Volume. The material in tank BX-107 was classified as non-complexed 
(NCPLX); or largely inorganic v.rastes containing low levels of organic complexants. It 
consists of approximately 1,302,040 L (344,000 gal) of sludge, of which 109,765 L 
(29,000 gal) are interstitial liquid, and 3,785 L ( ~ 1,000 gal) supernatant. Those figures 
were valid as of September 1990 (Hanlon 1993) and were calculated based on actual in-tank 
level measurements (stabili7.ation records indicate 3.07 +0.0S m or 120.7 in. (±2 in.) as of 
September 1990) and actual tank geometry. 

2.3.3 Contents Remediation Activities 

Tank BX-107 is not classified as a Watch List tank, nor does it have Unreviewed Safety 
Questions (USQ) associated with it. It was interim stabiliz.ed in September 1990 by jet 
pumping supernatant liquid and pumpable interstitial liquid. 

Tanlc BX-107 is also partially interim isolated in 1990, as the tank piping configuration was 
appropriately modified to prevent inadvertent addition of liquids. 

While tank BX-107 does not have an operational exhauster I it is passively ventilated. It is 
fitted with a Food Instrument Corporation (FIC) liquid-level gauge relayed to a CASS, a 
manual temperature reading well, one screen/jet pump system, and two radiation monitoring 
dry wells on one side of its perimeter (dry ~ell 21-07-05 is no longer active). 

2~3.4 Content-; Surveillance Activities 

No headspace pressure data were found on tank BX-107. However, temperature data were 
found tor the period between 1975 and 1980. The last temperature reading was reported in 
July 1994 and averaged about 66 °F. The thermocouple tree, containing 14 thennocouple 
elements, was previously declared out of service in April 1983. 

Recent radiation (gamma and neutron) activity readings for tank BX-107 were not found. No 
liq_uid level reading has been taken since April 1993 (120.7 in. ±2 in.). The FIC 
liquid-level gauge was repaired on May 10, 1994 (per work package No. 2E-94--00273). The 
thermocouple repair work package (No. 2E-93-01348) has been executed (Guti.c:rrcz 1994). 
Table 2-1 shows the latest temperature data from operating thennocouples. 

Table 2-1. Temperature Data - July 21, 1994. 

Thermocouple 1 2 3 4 5 6 7 11 Average 

Temperature °F 67.82 68.54 64.76 64.58 64.76 65.48 66.92 67.46 66.12 

2-9 
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2.4 IllSTORICAL ESTIMATION OF THE TANK'S CONTENTS 

2,4.1 Estimate - Based on Process Knowledge 

2.4.1.1 Nature of the l'daterial That Entered the Tank. As outlined in Section .2.1.3.2, 
IC, TBP, and lX residues were primarily transferred in and out of tank BX-107. Estimated 
compositions for the above-mentioned residues are summarized in Tables 2-2 and 2-3. 

The lC, or byproduct cake solution, and first cycle decontamination residue was generated 
from the BiPQ, process in the T and B Plants (Anderson 1990). This waste was often 
combined with alkaJine coating removal and/or stack drainage residues. Water content in lC 
~astc was repc1rted to be around 83 % . 

TBP residue resulted from the uranium scavenging activities at the 241-CR Facility, which is 
also known as the Uranium Recovery Plant. It was systematically combined on a 1 to l ratio 
with metal waste (MW) from the BiPO, process. The pH of the final residue was over 
9.5. lX, as mentioned in Section 2.1.3.2 of this report, and included ion•exchange column 
residues and wash solutions, as well as cesium purification residues generated during the 
B Plant recovery process. 

2.4.1.:2 Estimated Residual Amounts in Tank. The records for the many sluicing, slurry, 
and waste transfer operations in tank BX-107 during its service life are not sufficiently 
accurate to reconstruct a detailed material balance. 

2.4.1.3 Character of Tank Residues. Tank BX-107 residue is expected to contain the 
clements and compounds listed in Table 2-3. Sodium (Na+)t nitrate (NO3j, and nitrite 
(N~·) are expected to have the highest concentrations, followed by carbonates (COi2>, 
sulfates (SO/t), phosphates (P0,·3

), ammonium (NH.+), silica (Si), aluminum (AI), fluoride 
(F"), and hydroxide (OH"). 

It is expected that other fission products (e.g., 89
'
9°Sr, 12

~. and 1'C) and organics will be 
found in tank BX-107 waste. · 

2.4.2 Estimate - Based on TRAC Model 

2~4.2.1 Overview of TRAC Model. The TRAC computer program was developed to 
estimate the composition of Hanford Site tank wastes. Waste inventories are estima.te.d based 
on nuclear fuel production models, reprocessing and waste management flowsheets, tank 
transfers, and radioactive decay calculations. The output consists of the approximate 
inventories of 65 radionuclides and 30 non-radioactive chemical constituents in each of the 
149 SSTs (Anderson 1990). A detailed description of the TRAC model can be found in 
Jungfleisch (1984). 

2-10 
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Table 2-2. lC and TBP Waste Composition Estimates (Anderson 1990). 

Chemical compound Approximate concentration 
Residue type 

moles/L (wet basis) 

CePO4 <0.01 lC 

Zn3(PO,)z <0.01 lC 

NaNO3 0.85 IC 

Fei(SOJ3 0.07 1C 

Na3PO4 0.75 lC 

Cs(N~) 0.01 lC 

(NH4)zSO, 0.04 IC 

(NH4)i(SiFJ 0.07 lC 

~N03 0.06 IC 

Pu 
0.4% weight, TBP, lC 

1 % weight 

u 0.4% TBP 

p 1.29 TBP 

UNH 0.0026 TBP 

so,-2 0.346 TBP 

PO./ 0.25 TBP 

N~- 6.14 TBP 

c1- 0.022 TBP 

Na• 7.57 TBP 

OH· 0.094 TBP 

X,.Fe[CN]6 Not reported TBP 

Cs Not reported TBP 

NOTE: No unit conversion was performed to preserve data authenticity. Subsequent 
sections, however, contain unit converted data for comparison purposes. 
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.Table 2-3. IC, TBP, and lX Waste Species Concentration E!timate-Wet Basis. 

Chemical compound Approximate concentration 
Residue type 

moles/L 

Al 0.38 lC 

Bi 0.012 lC 

Ce 0.0002 IC 

c1· 0.0025 TBP 

co3•2 0.65 lX 

Cr 0.003 lC 

F· 0.19 lC 

Fe 0.025, 0.03 lC, TBP 

mi.+ O.Jl lC 

Na+ 3.34, 8.87, 3.9 lC, TBP, lX 

N02• 0.28, 1.9 lC, lX 

NOj 1.54, 7.35, 0.49 lC, TBP, lX 

OH· 0.28, 0.09 IC, TBP 

P0,·3 0.2~. 0.3 lC,TBP 

Pu 0.000002, 0. 00000067 lC, TBP 

Si 0.034 lC 

SiF6 0.031 lC 

SO/ 0.052, 0.3 I, 0.085 lC, TBP, lX 

u 0.006 l TBP 

Zr 0.0003 lC 

No unit conversion was performed to preserve data. authenticity. Subsequent 
sections contain unit converted data for comparison purposes. 

NOTE: Figure 2-7 is a reflection of this data. 

Source: Anderson (1990); Schneider (1951). 
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2.4.2 . .2. Assessment of TRAC Model. The codes used in the TRAC model have not yet 
been validated. For this reason, the conclusions and model outputs should be regarded as 
approximations (Anderson 1990). 

A preliminary assessment indicates that, ~cept for 1'C, the TRAC model successfully 
predicts the locations of key radionuclide, on a tank-by-tank basis. Moreover, TRAC agreed 
with sampling predictions far at least half the tanks within the 95 % confidence interval. 
Although the locations of key radionuclidc.s arc reasonably well predicted by the TRAC 
model, the total inventory (curies) predicted by TRAC of each key radionuclide varies from 
that found to date by sampling. The total inventory of 99-fc found by sampling is essentially 
the same as predicted by the TRAC model. However, TRAC under-estimates the inventory 
of 23'!240pu and over-estimates the amounts of 241Am, 1129, and 14C. In the case of 14C, the 
factor is 1,000 times (Jensen et al. 1986). 

2.4.2.3 BX-1071RAC Calculated Data. The latest data available from TRAC is dated 
March 12, 1985. It consists of an alphabetic listing of se1teral analytes and their 
corresponding concentrations. Tables 2-4 and 2-5 list a selective excerpt of the tank BX-107 
reported data.• 

2.4.3 Estimate Based on Historical Analyticai Results 

Historical data relative to tank BX-107 is scarce. Records available show two sets of 
analysis available for the period before 1980 when all SSTs were decommissioned. 

2.4.3.1 Data l'rior to 1980. Table 2-6 summarizes the data in Walser (1974). Sampling 
and analytical methods were not specified. 

The sample analyzed was described as clear, yellow, with no visible solids. Radiation 
emission was 300 mRad/hr. No exotherms below 200 °C were reported. 

In 1979, a core was sampled and analy.zed. Tables 2-7 and 2-8 summarize the data reported. 
No exotherms were reported in any of the samples. Composite bulk density and percent 
water were reported at 1.46 g/cm3 and 54% respectively. Eadotherms, however, were 
exhibited in all three segments at 105 "C and 290 ioc approximately. Reported physical 
properties are compiled in Table 2-9. 

While sampling and analytical methods were not discusse.d, it was reported that the 
three-segment core yielded a total of 127 cm (50 in.). The solids w~ 45cx; water soluble, 
yellowish in color with red streaking throughout, and had the consistency of soft putty. Core 
segment No. 3 had various siz:e chunks of a hard material ranging from pea to marble size 
(Horton 1979). 

•unit conversion of this data will be performed in subsequent sections. 

2-14 
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Table 2-4. Select Radiochemical Analy~ as Calculated by TRAC. 

Component Inventory (moles) Activity (cu~) 

2'1Am 4E-3 3 

maa 2E-7 2E+4 

239J>u 3 SE+l 
240pu 8E-2 5 
137Cs 1 2E+4 

9°Sr 4 5E+4 

99'fc 3 5 
mu 7E+l 3&2 
nau 1E+4 8E-l 
')(Jy lE-3 6E+4 

93Zr lE+l 2 

Table 2-5. Select Inorganic Analytcs as Calculated by TRAC. 

Analytes Inventory (moles) 

Al 1E+5 

Ba 3 
Bi 7E+4 

co3- 8E+5 

Cr 1E+4 

F IE+5 

Fe 2E+5 

NO£ 8E+4 

NO)· 1E+6 
Na+ 4E+6 

OH· 6E+5 
PQ4•3 3E+5 

Si03"2 2E+4 

so,.·2 2E+5 

ZrO 2E+4 

., .... 
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Table 2-6. Summary of 1974 Data for Supernatant Sample T-5921. 

Analyte Concentration 

Ionic compounds Moles/L 

OH· 0.723 
Al+3 1.S3E-3 
Na• 5.29 

NOi 1.82 

N~· 1.51 

PO/ 6.15&2 

F· 2.16E-2 

co3·2 0.674 

Physical properties 

Specific gravity 1.238 

Water 75.28% 

pH 10.18 

Radionuclides ~Ci/gal 

l~S 7.38E+2 
137Cs 3.4E+5 
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Table 2-7. 1979 Core Chemical Data (Wet Basis). 

Analyte Composite H2O soluble Composite H20 insoluble 
Weight% We.ight % 

Metallic elements 

Al NR 1.64 

Bi < 3.4E•2 1.61 

Cd NR 1.SE-3 

Cr 6.87E-3 NR 

Fe NR 1.43 

Hg NR l.31E·I• 

La NR 4.38E-2 

Mn NR 5.27E-3 

Na 6.48 1.lE+l 

Ni < 1.6E-3 5.04E•lb 

Pb < 2E-3 NR 

Si l.8E-2 0.127 

Ionic species 

col-2 0.1 NR . 
F 8.7E-2 0.1 

NOi 14 1.3 

OH· < 5E-2 NR 

PO./ 1.5 7.2 

SO/' 0.81 0.12 

Si04 0.02 0.03 

Organics 

TDC NR 7.JE-4 

-Possibly attributed to reporting error. 
"Possibly attributed to KOH fusion in nickel-impregnated crucibles. 
See discussion in Section 7. 0. 
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Table 2-8. 1979 Core Radiochemical Data (Wet Basis). 

Composite Composite 
Radionuclides Segment 1 Segment 2 Segment 3 (water (water Units 

soluble) insolubl.c) 

2"1Am NR NR NR NR 2.7&9 gig 

t:ucs 8.8 3.3 5.2 NR NR µCi/kg 

mes 2.01E+5 8.21E+4 2.74E+3 2.74E+3 8.37E+3 µCi/kg 

. 1S4Eu 24 12 21 NR NR ~Ci/kg 

mEu l.35E+3 68 l.01E+3 NR NR µCi/kg 

Pu NR NR NR 8.51E-11 l.75E-6 gig 

""°Sr NR NR NR 2.3E-3 14.2 µCi/g 

u NR NR NR 5.SE-7 7.99E-5 gig 
144Ce NR NR NR <2.54E-2 8.37 1tCi/g 

Table 2-9. 1979 Core Physical Data. 

Physical properties Segment l Segment 2 Segment '.3 Units 

Wali!r content 53.12 55.05 52.83 Weight% 

~ulk density 1.422 1.424 1.541 g/cm3 

Particle density 1.834 2.19 2.726 g/cm3 

An attempt was made to estimate the data values for the missing core segments. Results can 
be found in Hill (1979). 

2.4.3.2 Data Between 1980 a.od tm. Analysis results of a supernatant liquid sample from · 
tank BX-107 were reported ia Weiss (1990). The results are provide.din Table 2-10. 
However, Weiss (1990) states that the total alpha reading (AT) values may have been 
influenced by the significant quantities of cesium present in the sample. Weiss (1990) also 
adds that the reported hydroxide (OH·) concentration was biased by the neutralization of the 
second phosphate charge present in the samp1e. Again, samp1ing or analytical methods were 
not discussed. 
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Table 2-10. 1990 Supernatant Liquid Profile: Sample Number R6038. 

Analyte Concentration 

Metallic elements Moles/L Weight percent 
Ba 6.S3E-5 0 

Cr 6.59E-3 0.03 
Fe 7.84&5 0 

Hg 0 0 

K L23E-2 0.04 

Mo 6.l3E-4 0 

Na 4 .22 7.94 
p l.?E-1 0.43 

Pb l.64E-4 0 
Si 9.29E-3 0.02 

U grams/L 8.58E-l 0.07 

Anions Moles/L 
CI· 6.09E-2 0.18 
p- <7.47E-2 

NOi· · 7.43E-l 2.8 
N03• 2.64 13.41 

P04- 1.62&1 NR 

so.- l.81E-1 1.42 
OH· l.09E-l NR 

e~- 2.74:Erl 1.35 

Radionuclides µeifL 

Alpha total 2.9 NR 

Total beta 2.88FA NR 
137es 2.49E4 NR 
19/90Sr 5.71 NR 
l3W240pu 4.24 NR 
2"tAm 2.49E-l NR 

Organics grams/L 

roe 2.7 NR 

Physical properties 

Water (weight % ) 72 
pH 9.64 
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2.4.3.3 Comparison or Supernatant Anal:ttical Data. As outlined in the previous section, 
supernatant data dates back to 1974 and 1990. Analytes reported in considerable 
concentrations are summarized in Tables 2-11, 2-12, and 2-13. Cesium-134/137 
concentrations, reported in µCi/gal in 1974, were converted to µCi/L . 

Total organic carbon (fOC) was reported at 2. 7 g/L in 1990. Hereafter, comments relative 
to the data in Tables 2-11, 2-12, and 2-13 will be limited to observations: 

• Higher amounts of soluble solids were present in the 1990 supernatant sample, 
possibly because of (1) the formation of additional soluble salts and soluble metal 
oxides; (2) the change in thermodynamic equilibrium state; or (3) the analytical 
variance (based on the sampling location and analytical procedure). 

• pH decrease.d to 9.64 in 1990. indicating a loss in soluble [OH·] ions, possibly 
because of the conversion of some hydro:w;ides to oxides (or salt + water), 
formation (or absorption) of CO-z, as well as other thermodynamic factors resulting 
in lower solubility of hydroxide species. 

• Lower soluble Na+ concentration in 1990 could be attributed to (1) analytical 
variance; (2) a decrease in solubility because of alteration in the thermodynamic 
e.quilibrium; or (3) the incorporation of Na+ ions into a less soluble matrix. 

• Lower soluble NOi' and higher soluble NO3• concentrations were possibly because 
of the oxidation of nitrite to nitrate. 

• Increase in PQ4-3 concentration in 1990 was possibly because of analytical variance, 
or a change in the medium•s thermodynamic conditions, for example, the formation 
of additional soluble phosphate compounds (by ion- exchange, substitution, and 
other mechanisms such as the ones supporting Le Cilatclier's principle). 

• Lower soluble co1-2 concentration in 1990 was possibly because of the reduction of 
carbonate to carbon dioxide, or the incorporation of carbonates into a less soluble 
matrix. 

• Lower cesium concentration in 1990 can be attributed to cesium decay to barium or 
possible analytical variance. 

All analytcs reported correspond to water soluble compounds present in the supernatant 
liquid. Unfortunately, the data available is not sufficient to establish the chemistry that took 
place in tank BX-107 residues between 1974 and 1990. Figure 2-8 depicts the tank BX-107 
1974 and 1990 supernatant analytical results for select inorganic analytes. 
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Table 2-11. Supernatant Physical Properties Comparison (1974/1990). 

Sample Water weight % pH Specific gravity 
T-5921, 1974 75.28 10.18 1.238 

R6038, 1990 72 9.64 NR 

Table 2-12. Supernatant Inorganic Analytical Results Comparison in Moles/L (1974/1990). 

Inorganic analytes T-5921 R-6038 
1974 1990 

Al 1.53E-3 NR 

Na 5.29 4.22 

Ba NR 6.53E-5 

Cr NR 6.59E-3 

Fe NR 7.84E-5 
K NR l.23E-2 

Si NR 9.29E-3 

OH· 0.723 Ul9E-1 

N01 · 1.82 7.43E-1 
NQ

3
• 1.51 2.64 

PQ4•3 6.15E-2 l.62E-1 . 

p- 2.16E-2 <7.47E-2 

c1- NR 6.09E-2 
c~-2 0.674 2.74E-l 

s0,.-2 NR 0.181 

NOTE: Figure 2-8 reflects this dat.a. 
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Table 2-13. Supernatant R.adionuclides Analytical Results 
Comparison in µ.Ci/L (1974/1990). 

Radioouclides T-5921/1974 R-6038/1990 

Alpha total NR 2.9 

Total beta NR 2.88E+4 
137Cs 8.95E+4 2.49E+4 
134-Cs 1.94E2 NR 

•~r NR 5.71 
141Am NR 2.49B-1 

. mneopu NR 4.24 

2l*U NR 0.606 g/L 

2.4.3.4 Comparison of Sludge Analytical Data. As mentioned previously in this sectiOn, a 
core sample was obtained from tank BX-107 in 1979. Three segments and two core 
composites were evaluated. Tables 2-14, 2-15, 2-16, and 2-17 arc general summaries of the 
data highlighting major properties and components found. Plutonium and uranium results 
were converted to ~Ci/g using their respective natural activities values. 

TOC was reported at 7.3E-4% by weight in the water-insoluble portion of the core sample. 
Again, the following observations can be made: 

• Material bulk density is between 1.42 and 1.54 g/cm3• 

• Under thee prevailing equilibrium state of tank BX-107 residues and conditions of 
the extraction procedure, aluminum, bismuth, iron, mercury, nickel, and silica 
compounds exhibited low water solubilities. The sodium compounds exhibited high 
water solubility, an indication that the sodium compounds arc present as 
highly-soluble salts. 

• Fluoride compounds were mostly water insoluble with about 47% solubility. 

• Nitrate compounds were present in a highly soluble form, with about 8.5% left in 
the solid matrix. 

• Phosphate compounds exhibited about 17% water solubility. 

• Sulfate compounds exhibited about 87% water solubility. 

• Cesium compounds exhibited about 25 % water solubility. 

• The bulk of strontium, plutonium, and uranium compounds were water insoluble. 
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Table 2-14. 1979 Core Physical Properties Range. 

Water content 52 - 55 % 

Bulk density 1.42 - 1.54 g/cm3 

Particle density• 1.83 - 2.73 g/cm3 

•No dacuuion WU found reganiin& this quantity, but it is ummed at this point that it refers to the den.lily of 
mechanically paaked particle1, wbieh, when divided by the density of wa~r equals specific g111.vity. 

Table 2-15. Major Metallic Elements Reported for the 1979 Core Sample in Weight 9'. 

Analyte Water soluble Water insoluble Ratio 
w.insolublc/w. soluble 

Al NR 1.64 KIA 

Bi <3.4E-:! 1.61 47.35 

Fe NR 1.43 N/A 

Hg NR 0.131· NIA 

Na 6.48 11 1.7 

Ni < 1.6E-3 0,504• 315 

Si l.BE-2 ·0.127 7 

"Poaaibly due to unit reportin~ error. 
~o.sribly attributed to method conummc1tion (nickel crucibles) , 

Table 2-16. Major :Anions Reported for the 1979 Core Sample in Weight%. 

Analyte Water soluble Water insoluble Ratio 
w.insoluble/w.soluble 

C03 ! 0.1 N.R NIA 

.F· 8.7E-2 0.1 1.15 

NO,· 14 1.3 0.09 

OH· < SE-2 NR NIA 

PO/' 1.5 7.2 4.8 
so,-2 0.81 0.12 0.15 

NOTE; NO, and so • ..a ruulta clevly indica19 that a -,rial leacbin& proeo11 was perfonned: i.e., lhe aample 
wu probably (]) washed with water; (2) centrifuged; (3) solid-residue treated with acid; (4) ccs.Dtrifuged; {S) 
'solids dissolved/fused in KOH/HCI. 
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·Table 2-17. Major Rad.ionuclides Reported for the 1979 Core Sample in µ.Ci/g. 

Radionuclide Wa11!r soluble Water insoluble Ratio 
w. insolubl~w. soluble 

137Cs 2.74 B.37 3.05 
23~'240pu S.22E-6 0.1 19680 
!J:)Sr 2.3E-3 1.42 167 
2nu 3.88&7 5.64E-5 145 

Figures 2-9 and 2-10 are graphic representations of inorganic and radionuclides data reported 
in Tables 2-15, 2-16, and 2-17. A ratio number annotates analytcs for which both 
water-soluble and water-insoluble concentrations were reported. 

Note that the water-solub e data. reported represents a single extraction stage under the 
physical conditions specified in the water extraction procedure. However. no dat.a referring 
to solvent/solid extraction ratio were recovered. · 

2.4.4 Common Denominator in Tank BX-107 Waste 

2'.4.4.1 Major Analytes. The analytical data from 1974, 1979, and 1990, coupled with 
TRAC and process knowledge predicted compounds and analytes, provide a baseline to 
identify the major matrix constituents of tank BX-107 waste. An attempt to assess the 
accuracy of TRAC or process knowledge predicted concentrations is beyond the scope of this 
report. 

Table 2-18 lists TRAC, process history, and 1979 analytical data (the sum c,f soluble and 
insoluble concentrations reported) for select inorganic analytes and radionuclides. * TRAC 
inventory estimates were multiplied by 1985 waste quantities in tank BX-l07 to yield the 
units of molcs/L and µCi/L, respectively. TOC data suggests that organic compounds 
present are water soluble. · 

•section 5.9 will have a sorted reproduction of this table including the most recent 
(1992) core sampling data. 
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Table 2-18. Process Knowledge, TRAC, and 1979 Core Data Comparison. 

Inorganic analytes · Process knowledge TRAC 1979 Core 
moles/L (wet-basis) 

so,·2 0.09 NR 0.14 

P0,·3 0.22 0.22 0.133 

N03• 1.95 0.73 3.58 

Na+ 4.08 2.94 6.94 

OH· 0.20 0.44 0.043 

Af+' 0.25 0.073 0.88 
Bi+3 0.08 0.05 0.11 

co3- 0.14 0.59 0.024 

er+' 0.002 0.0007 0.002 

F 0.13 0.07 0.076 

Fe+s 0.02 0.17 0.37 

NH/ 0.073 NR NR 

N02· 0.61 0.059 NR 

Ni++ NR NR 0.124* 

Si+.1 0.023 0.015 0.066 
Zr+4 0.0002 0.015 1'.TR, 

Ba+2 NR 2.2E-6 1.96:B-4 

Radionuclides µCi/g 

:m}24()Pu 67E-8 2.76E-2 0.103 

mu 6.27E-4 4.02E-4 5.67E-5 

93zr NR lE-3 NR 

24tAm NR 1.51E-3 NR 

137Cs NR NR 11.11 

137J3a NR 10.05 NR 

t0sr NR 25.13 14.2 

"'Tc NR 2.SlE-3 NR 

*Probably due to method contamination because this result was not confirmed by the 
1992 core data. 
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2.4.4.2 Speclatlon. Literature and 1979 core data provide the following information: 

• Aluminum compounds can range from soluble aluminum sulfates and nitrates to 
insoluble hydroxides and phosphates. However, 1979 core data indicate that the 
bulk: of aluminum species a.re insoluble and thus are most likely oxides, hydroxides, 
or phosphates. 

• Known bismuth compounds, mostly hydroxides and phosphates, are insoluble. 
Data from 1979 verifies this fact. 

• Iron compounds range from soluble ferrous and ferric fluorides, sulfates, and 
nitrates to insoluble phosphates and hydroxides. Core data from 1979 indicate the 
presence of iron as mostly an insoluble compound, thus mostly as hydroxide or 
phosphate. 

• Sodium compounds are mostly soluble and can range from nitrates, carbonates, 
hydroxides, and sulfates to phosphates. 1979 core data indicate high solubility of 
sodium compounds. Table 2-19 lists some sodium compounds, their density and 
color, and their respective solubility in water. 

• Nickel compounds can range from fluorides and slightly soluble sulfates to 
insoluble hydroxides and phosphat;s. 1979 core data indicate that nickel is mostly . 
insoluble and thus a hydroxide or phosphate. 

• Silicon is probably present as silica (Si()0 embedded in a sodium aluminosilicate 
matrix. Fluorosilicic acid (Hi5iF6.2H2O or (NH..)2SiF6.xH2O) crystals could be 
embedded in the sludge matrix but are most likely depleted at pH of > 7. This 
conjecture is confirmed by 1979 core data. 

• Cesium compounds can range from catbonatcs, hydroxides, and nitrates to sulfates 
and are mostly soluble. 1979 data indicates a 1/3 solubility ratio. Thus, some 
cesium compounds could be attached to mineral lattices. 

• 1979 data indicates that plutonium is mostly in water insoluble forms. 

• Strontium compounds can range from soluble fluorides, hydroxides, and nitrates to 
insoluble phosphates. 1979 core data indicates that strontium is in insoluble forms. 

· • Uranium compounds also vary in solubility. Nitrates and sulfates are soluble while 
phosphates, tetrafluorides, and hydroxides are insoluble. 1979 core data indicate 
the presence of mostly insoluble uranium. 
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· Table 2-19. Physical Characteristics of Select Sodium Salts (Lange 1965). 

Compound Density g/ cc Color Solubility in water 

NaNO3 2.26 Colorless to white 1:1.1 

Na1CO3• 10H2O 1.46 Transparent 1:3 

NaOH 2.13 dry white 1:1 

Nai,SO,.l0HP 1.46 1:1.5 

Na2HPO,. 7H1O 1.7 Hygroscopic powder 1:8 

NaHP0,.2H20 1.9 Colorless ccystals 1:1 

NaJPO,.12HiO 1.6 Colorless to white crystals 1:1.35 

In summation, the following can be speculated: 

• Aluminum is most likely present as hydro:dde or phosphate (insoluble). 

• Bismuth is most likely present as hydroxide or phosphate (insoluble). 

• Iron is most likely present as hydroxide or phosphate (insoluble). 

• Sodium is most likely present as a sodium nitrate (soluble). 

• Nickel is most likely present as hydroxide or phosphate (insoluble). 

• Silicon is most likely present as fluorosilicic acid and silica/aluminosilicates. 

• Cesiwn is most likely present as phosphates, hydroxides and salts (within silicate 
matrix). 

• Plutonium is most likely present as a phosphate/hydroxide (insoluble). 

• Strontium is most likely present as phosphate. 

• Uranium is most likely present as fluoride, hydroxide, or phosphate (usually an 
oxide embedded in a phosphate matrix). 

Table 2-20 was developed based on those observations and conjectures. Equilibrium state is 
determined by many thermodynamic factors that are beyond the scope of this study. 
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Table 2-20. Major Postulated-Equilibrium Compounds in Tank BX-107 
Residues Base.don 1979 Core Data. 

Major compounds Other equilibrium species 

Al(OH},.xH20, AlPO• Al(OH)3.xSi~, plus other aluminum salts 
and oxides 

BiP04 Bi(OH)3 plus other bismuth salts 

Fe(Offh.xH20, Fe(SO,) FeF3, Fes(POJ, other ferrous and ferric 
salts, other sulfates and hydroxides 

NacSiO,, Metal silicate H2SiF6.2H20, ~).zSiF6 

NaN03 NaOH, other sodium salts 

U(P04), (UO:z)3(PO,h, UO;r(OH> Other uranium salts and hydroxides, UOz 
embedded in a phosphate matrix 

Metal nitrates, carbonates and sulfates Metal phosphate and hydroxides 

Data presented at this point provide a preliminary assessment of the conditions in the tank 
and will provide guidance and context in interpreting the most recent analytical results. 
Further discussions include the latest anal yti.cal results obtained for tank BX-107 and are 
presented in Section 6.0, Data Interpretation. 
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3.0 TANK CONTENTS SAMPLING OVERVIEW M 1992 

3.1 DESCRIPI'ION OF SAMPLING EVENT 

3,1.1 Sampling Schedule 

The latest tank BX-107 sampling event occurred during May and June of 1992 in an effort to 
meet the TriMParty Agreement sampling Milestone M-10-06 to obtain 24 cores from 12 tanb. 
Factors that contributed to the sampling decision arc discussed in the Wastt Charactt!ri.zalion 
Planfor the Hanford Site Single-~ll Tanks (Winters et al. 1990). 

3.1.2 Samplb1g Equipment 

The push-mode sampling method, which is capable of accommodating liquids, sludge, and 
soft saJt cakes, was used to sample the contents of tank BX-107. Figure 3-1 shows a typical 
sketch of the sampler. The sampler and the drill string assembly are mounted on a rotating 
platform located on a mobile sampling truck, as shown in Figure 3-2. During the sampling 
event, the stainless steel sampler is lowered into the material via a hydraulically-powered 
drill string. The sampler is capable of collecting 0.5-m (19-in.) Jong, -0.02-m- (7/8-in.-) 
diameter cylindrical segments. A spring-loaded piston is used to create the negative pressure 
necessary to fill the sampler. A drill bit is used at the lower end of the drill string to pass 
through hardened material encountered during penetration. Drill ram hydrostatic fluid 
pressure is continuously monitored during the sampling operation. Onc.e loaded, a rotary 
valve at the lower end of the sampler is shut and the sampler is pulled upward to the 
appropriate position. Then, using remotely controlled mechanical equipment, the sampler is 
unlatched and loaded into a stainlcss-ste.el lined lead-shielded cask for transportation to a 
laboratory hot cell. A normal paraffin hydrocarbon (NPH) liquid is added during sampler 
discharge from the drill string to prevent unwanted material from penetrating the sampler 
space. 

The document Tank Farm Operating Proced~ (Ross et al. 1992) _provides a detailed 
overview of the proper core-sampling procedure as well as a list of additional reference 
documents. An animated video that depicts the operation of the push-mode sampler is also 
available in the Westinghouse 1WRS archives. 

3.1.3 Samplln& Event 

Dctailcd sampling protocols, including volatile organics and radiation emissions monitoring 
prior to sampling are developed for each tank waste sampling event to alleviate possible 
safety concerns. 
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Figure 3-1. Push-Mode Sampler. 

~ ----Quadralatch 

Will Turn in 
Drilling Mode 

D Will Not Turn 
in Drilling Mode 

Drill 
String 

Assembly 

3-2 



9713535.1576 
WHC-SD-WM:-ER-539 Rev 0 

Figure 3-2. Mobile Sampling Truck. 
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Core sampling of SSTs is perfonned in accordance with approved Westinghouse Hanford 
Company (WHC) procedures. Operating personnel are trained and certified to perform core 
sampling. During core sampling, a core sampling data sheet is completed to document the 
operation and a chain-of-custody record accompanies each sample from the ticld to the 
laboratory. Any sampling problems or discrepancies are rec.orded in a numbered field 
notebook maintained by the Operations supervisor (Winters ct al. 1990). 

Wmters et al. (1990) defines responsibilities, safety and contamination controls, quality 
assurance, recordkecping, prerequisites, and sampling procedures, which include the 
following: 

• Equipment set up 
• Sampling 
• Sample recovery 
• New sampler insertion 
• Sample preparation for shipping 
• Equipment clean up 
• Tank restoration. 

The tank riser to be sampled is usually specified by the person in charge (Piq, ba!Cd on the 
following checks: 

• Waste depth measurements 
• Riser dimensions, contents, availability, and previous uses 
• Sufficient open and level ground to permit using the-sampling equipment. . 

• 
The depth of the material in the tank is determined based oa the latest level me.asurements. 
The number of samples that .could possibly be taken are calculated staning from the bottom 
of the tank. and thus the first sample taken vertically at the top of the tank's content may not 
be a full 0.5 m ( 19 in.) segment. Following these calculations, drill rods arc specified. 
Additional information on this subject can be found in the documents specified in the 
previous subsection. 

J,2 SAMPLING PERFORMANCE 

3.2.1 Hydraulic Ram Pressure Data 

Hydraulic ram pressure data analysis (see Appendix A, Section A. l) postulates that most of 
the material encountered along the riser 7 (core 40) vertical axis is similar in consistency, 
whereas material encountered along riser 3 (core 4 l) is heterogeneously layered and exlu"bits 
higher ~stance to sampler penetration at approximately 1.27 m (50 in.) from the waste 
surface. In general, however, resistance to sampler penetration, though slightly higher along 
~ 3 (core 41), averaged about 703,100 kgs/m2 (1,000 psi) for both risen. 
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3.2.2 Sample Recovery Data 

Two cores were sampled from tank BX-107 risers 7 and 3. Each core consisted of 7 
segments. Rotary valve mechanical failures were reported for segments l and 3 of the first 
core sample (core 40) and for segments 1, 4, and 5 of the second core (core 41). Those 
results are summarized and averaged in Table 3-1. 

Table 3-1. Push-Mode Sample Percent Recovery (1992). 

Segment l 2 3 4 5 6 7 Mean 

Core 40 0 100 0 100 100 100 66 78 

Core 41 0 JOO 50 0 s• 100 100 59 

*Hot cell chemist observation reported 2.4 % • 

The mean was calculated excluding the first segment recovery. Recovery values were 
generically calculated by dividing the total volume of the recovered sample, based on actual 
dimensional measurements data, by the total volumetric capacity of the sampler: 

Percent Recovery -= [Ll~uld Vclµme + Solid Volume/Expected Voluma]*!OO 

The following factors were attnouted to the variability in sample recovery (Propson 1993): 

• Tank contents level 

• Equipment capabilities such as bit design, seals, and closure valve 

• Hydrostatic fluid properties and behavior 

• Waste stratification and heterogeneity 

• Transition layers (created as a result of the current sampling procedure and the 
limitations of the sampler used). 

3.3 SAMPLE TRANSFER TO LABORATORY HOT CELL 

3.3.1 Sample Packaginc for Transportation 

S~plc loa~ casks were sealed and transported in 4 shipments to the 222-S Laboratory 
between June 10 and 12, 1992, 28 days from the bepnning of the sampling operation, and 
9 days following its completion. Table 3-2 summarizes sample handling statistics. 
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Table 3-2. Sampling to Shipment Time Span in Days (1992) (±1 day). 

Segment No. 1 2 3 4 5 6 7 

Core 40 28 28 26 26 26 23 3 

Core 41 14 13 13 9 9 9 9 

Cask radiation survey data. as indicated in the chain-of-custody records. were below 
U.S. Department of Transportation (DOT), U.S. Environmental Protection Agency (EPA), 
and U.S. Department of Energy (DOE), regulated safety transportation requirements. 
Document number T0-080-090, Ship Core Sample, contains detailed procedural information 
regarding this subject. 

3.3.Z Chain-of-Custody Rttorm 

Chain-of-custody records arc completed for each of the segments samplod. They contain 
information which uniquely identifies each sample. 

No discrepancies were found in core 40 and 41, segments 1 through 7 chain-of-custody 
records. Copies of those records are archived with the sampling cogniz.ant engineer and can 
be found within the tank BX-107 cores 40 and 41 data pacb.ge document, 
WHC-SD-WM-DP--028. Table 3-3 summarizes the dose rate through the drill string, in 
millirem per hour, during sampling. 

Table 3-3. Dose Rate Through Sampler Drill String in mR/br (1992), 

Segment No. 1 2 3 4 .5 6 7 

Core 40 6 140 3 100 35 25 2S 

Core 41 50 NR so 2 NR 2 33 

Tanlc BX-lfJ'l core samples were transported to the 222-S Laboratory hot cell in a specialized 
truck without incident. 
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4.0 SAMPLE HANDLING SCHEME - 1992 

4.1 SAMPLE PREPARATION PROCFSS DESCRIPTION 

Tanlc BX-107 core samples 40 and 41 were received by the 222-S Laboratory from June 26 
to September 241 1992. The sample casks were logged in, surveyed for radiological control, 
and verified for seal integrity. The oore samples usually remain in the transportation cask at 
room temperature until their scheduled extrusion phase. Daily routine inspections arc 
performed. 

4.1.1 Sample Extrusion 

Core samples are extruded in the 1:g.2 hot cell at the 222-S Laboratory. Each segment 
sampler contained within the cask liner is remotely loaded into the hot cell through the air 
lock system. The liner is then remotely opened and the sampler is withdrawn. Any liquids 
recovered from the liner are measured for volume and retained for analysis if an adequate 
volume is obtained. 

The sampler is remotely loaded onto the mechanica1 extruder. The segment is remove.cl from 
the sampler by driving an internal piston the length of the sampler body and extruding the 
waste into a receiving tray. The sampler is removed and later decontaminated for future use. 
Any drainable liquid in the sample flows into a pre-weighed receiver at one end of the tray. 
Samples for volatile organics tests are taken immediately after extrusion. The recovered 
material is weighed. measured, and photographed, and any observations are recorded and 
maintained in a permanent record. Each sample is then transferred to a sealed container for 
storage in the hot cell until all segments from the entire core have been c~truded 
(Winters 1990). During this operation. which lasts approximately 2 hours. the samples are 
exposed to high air flow resulting in moisture loss and possible species oxidation. Efforts 
are made to minimize exposure of the sample to hot cell atmosphere. No preservatives are 
added to the collected sample aJiquots. The weights of the extruded segments are provided 
in Table 4-1. 

Hot cell volume estimates and density calculations were also reported but are biased and 
inaccurate because of procedural error, and thus will not be reported at this point. Free 
liquid volumes were reported as insignificant. 

Segment extrusion description sheets are enclosed in the physical properties summary section 
of the tank BX-107 cores 40 and 41 data package. They provide information such as 
segments description!., free water contents, and negatives of segment photographs. 

Unfortunately, the photographs (plus negatives) taken during tank BX-107 core segments 
extrusion were misplaced and cannot be found. No video records of the extrusion process 
are available either. 

4-1 
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Table 4-1. Weights of Extruded Segments in Grams (1992). 

Core 40, segment 1 0 

Core 40, segment 2 204.31 

Core 40, segment 3 0 

Core 40, segment 4 216.57 

Core 40, segment 5 218.04 

Core 40, segment 6 215.81 

Core 40, segment 7 132.45 

Core 41, segment 1 0 

Core 41, segment 2 186.17 

Core 41, segment 3 185.23 

Core 41, segment 4 0 

Core 41, segment 5 5.53 

Core 41, segment 6 248.04 

Core 41, segmen l 7 250.2 

Table 4-2 summarizes the results of the hot cell chemist's physical assessments. The 
equivalent to 100% segment recovery, 187 ml, was used as a basis to estimate percent 
recovery. Core 41, segment 5 was approximately 4.5 ml, and thus was completely used for 
volatile organic analysis (VOA), percent water, and differential scanning calorimetry (DSC) 
srudies. 

Segments free liquid (liquid collected by the cask liner during extrusion plus additional free 
liquid in the sampler) was reported below 2S ml for all segments. Those liquids were 
re-combined and homogenized with their parent segments. 

Request for special analysis forms accompanied the appropriate sample to the analytical 
laboratory hot cell. Those fonns contain information relative to sample origin, identification, 
sample weight, radiation levels, and analysis requested. Copies of those forms are included 
in Addendum 1 of the tanlc BX-107 cores 40 and 41 data package. 

No notes relative to NPH contamination were found, Moisture loss from the sample during 
extrusion and homogenization were not addressed by the administering chemist. 

During the extrusion process for the core segments of tank BX-1071 it was discovered that 
only about 60% of the expected material was obtained (Kristofzski 1992). Thus, material 
from the archive samples was u~ to build the core composites. No rcsampling activities 
were performed. 
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Table 4-2. Visual Assessments as Reported the by Hot Cell Chemist (1992). 

Core Segment Color Texture Consistency Air Free 
pockets liquids 

40 2 Grey Light Granular, creamy Yes NR 

40 4 Grey Light Granular, bottom Yes NR 
2 in. dry 

40 5 Bottom Bottom 2/3 light Bottom 2/3 granular Yes NR 
2/3 grey top 1 /3 sloppy 

40 6 NR NR Top 1/3 sloppy NR Little 
bottom 2/3 juicy 

40 7 Bottom Crystal Adhesive NR NR 
2/3 white 

41 2 Grey Lighter NR, drier Yes NR 

41 3 Grey Shiny Slick NR NR 

41 6 Grey . Light NR, moist NR NR 

41 7 Grey/green Light NR, moist NR NR 

4.1.1 Sample Breakdown and Waste Description 

After the entire core has been extruded, all segment portions (liquid and solid) are 
transferred to the lE-1 hot cell where they arc prepared for analysis. If more than 25 ml of 
segment is free liquid it will be saved, composited, and analyud separately from the solids. 
Liquid volumes less than 25 ml arc ~turned to the solids before homogenization. 

Prior to homogenization a small solid aliquot is removed from the segments for particle size 
analysis. Samples for VOA arc taken immediately. Penctrometcr measurements are made 
for every segment (Winters et al. 1990). -

Samples were appropriately labeled for tracking purposes. A list of sample identifications 
can be found in cores 40 and 41 data package narrative section. 

Summary lists depicting sample breakdown, homogenized segments sampling, and core 
composite sampling requested analysis versus sample amount ·can also be found in that same 
section. 
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4.1.3 Sample Homogenimtion 

Subsequently, core segments are individually homogenized in a holding jar using a hand-held 
rotor st.a.tor. It should be noted that core 40 segments 1 and 3 were empty. Core 41 
segments 1 and 4 were al~ empty (due to sampler valve failure). 

4.1.4 Sample Compositing 

Tank BX-107 blend plans indicate that equal amounts were used from each recovered 
segment to build core composites (18 to 19 g from· each segment for core 40 and 
approximately 21 to 22 g for core 41). Two composites were formed from each of the 
tank BX-107 cores sampled in 1992. The sample breakdown scheme is depicted in 
Figure 4•1. 

Sample aliquots were collected from the homogenized segments rather than from the 
extrusion tray, according to characterization change notices WHC-SOW-91-0006 dated 
July 23t 1992 and August 13, 1992 (Kristofzski 1993), Those notices also state that because 
of the insufficient amount of sample left from core 40, segment 2, the second composite of 
that core will use whatever material is left in segment 2. 

4.1.S Sample Archiving 

When all compositing and homogenization operations are complete. aliquots for analytical. 
determinations are removed. If composite samples and residual segment materials are 
sufficient to allow recompositing, they are saved until results arc reviewed and validated. 
Small (30 to 50 g) samples of the segments, core, and drainable liquid arc saved for 
additional testing (Winters et al. 1990). Other portions arc taken and archived appropriately 
for approximately I year. All activities records arc permanently maintained by the Hanford 
Analytical Services (HAS). 

4.2 SAMPLES TRANSFER SCHEME 

Sub-samples of the composites and of the core segments were shipped to the Pacific 
Northwest National Laboratory (PNNL) 325-B hot cell for analytical purposes. Those 
samples included (1) two core composites from core 40; (2) two core composites from 
core 41; (3) segments 2, 4, 5, 6, and 7 sub-samples of core 40; and (4) segments 2, 3, S, 6, 
and 7 sub-samples of core 41. 
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Figure 4-1. Sample Breakdown Scheme. 
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Inter-laboratory sample chain-of-custody records and sample receipt form copies can be 
found in Kristofzski (1993). Sample chain-of-custody records provide various sample 
information including shipping and receiving points, personnel, and sample identification. 
Sample receipt records also provide administrative and technical information relative to 
recordkecping and sample condition. No discrepancies were observed in these records. 

Core 40 (segments 7 and 5) and core 41 (segments 2, 3, 5, 6, and 7) were delivered on 
July 30, 1993. Core 40 (segments 2, 4, 6 and composites 1 and 2) and core 41 
(composites 1 and 2) were transferred from the 222-S Laboratory to PNNL 32S hot cell on 
September 24, 1993. In addition, sample receipt description forms were also completed. 
Information compiled in those forms includes observational comments, size and condition of 
the sample container, sample gross weight, and physical description. 

Other composites and segments aliquots slotted for water extraction, acid digestion, fusion, 
thermal-gravimetric analysis (TGA), DSC, and particle size analysis remained in the 222-S 
Laboratory. 
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S.O ANALYTICAL RF.SULTS AND WASTE INVENTORY - 1992 

5.1 ANALYTlCAL SCOPE OF WORK 

Addendum 4, Appendix Bl of the tank BX-107 data package (Kristofzski 1993) contains test 
instructions relative to the samples fOJ'\\lal'ded to the PNNL 325 Labora!ory. They state that 
the solid core composites - a total of 4 - from both core samples 40 and 41 are to be 
analyzed for semi-volatile organics, extractable organic halides (EOX). percent solids, and 
plutonium/uranium isotopes. Segments 5 and 7 of core 40, as well as segments 2, 3, 5, 6, 
and 7 of core 41, are to undergo volatile organics testing, while segments 2, 4, and 6 of 
core 40 are to be used for rheology and other physical testing such as percent solids, settling 
velocity, and density. Sample aliquots were assigned unique laboratory identifications. 
Appendix A contains tabulated segment identification number information and laboratory 
procedure numbers corresponding to the analytical tests applied (see tables A-10 through 
A-16). Table 5-1 pres.ents this information in a structured format A general analyti.cal 
scheme flowchart for baseline tanks such as tank BX-107 can be found in Appendix I of 
Wmters et al. (1990). 

Test instruction records also provide information and general guidelines related to the 
preparation, analysis, and quality control procedures used. They include laboratory location, 
aliquots quantities, and duplicate/spike/blan~ requirements. 

5.2 SAMPLE PREPARATION FOR ANALYSIS 

Samples were prepared for analysis in PNNL-325 and 222-S Laboratory hot cells. 
Preparation, as mentioned in Section 4.0, included necessary sample splitting (for 
duplicates), homogenization, and extraction procedures. Properly labeled samples were then 
transferred accompanied by inter-laboratory chain-of-custody records to the appropriate 
laboratory section where required pre-analysis or method preparations were performed. 
Copies of those records are included in Addendum 4 of the~ BX-107 data package. 

At this point, appropriate work was performed and bench sheets, as well as preparation data 
sheets were completed for each of the tests required. These records compile information 
relative to aliquots weights, any method deviation, laboratory method number, and other 
notes relative to test conditions, sample shortage, and the appropriate analysts' signatures. 
Samples were thus readied to undergo the preconceived analytical scheme. 
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Table 5-1. Analysis Scheme for Cores 40 and 41. 

VOAs (PNNL) Core 40, segments 5 and 7 
Core 41 segments 2, 3, 5, 6, 7 

Density 1 % solids, rheology (PNNL) Core 40, segments 2, 4, 6 

SVOA, EOX (PNNL), TOC (222-S) Core 40, composites 1 and 2 

Solids, metals, anions, radionuclides (222-S) 
Core 41, composites 1 and 2 

TGA/DSC (222-S) All core segments and composites 

5.3 PHYSICAL TF.STS 

5.3.l Method.~ 

As indicated in Table 5-1, cores 40 and 41 composites were evaluated for percent solids 
content. Segments 2, 4, and 6 of core 40 underwent physical and rheological tests such as 
percent solids, settling behavior, density, and viscosity. Particle size analysis was performed 
on all recovered core segments (in the 222-S Laboratory). 

Density for solid samples was calculated based on the net weight and volume following 
centrifugation for t hour at over 1,000 times gravity. Volume and weight percent 
centrifuged solids and supernate were also caJculated. 

Settling rates were conducted in pre-weighed, volume graduated, centrifuge tubes. Two 
dilutions, 1:1 and 3:1, were prepared for each of the segments (2, 4, and 6 of core 40). 

Weight-percent solids was conducted in a drying oven at 105 °C for 24 hours following 
overnight air-drying al room temperature. Undissolved solids weight percent was calculated 
by subtracting the percentage of dissolved solids in the liquid supemate part of the sample 
from the total solids weight percent 

Shear strength was measured using a specialized vane viscometer. The sample was placed in 
a water bath at 32 °C for a minimum of I hour. A shear vane was then placed into the 
sample and rotated at 0.3 rpm. The shear stress of the sample was recorded as a function of 
time. The shear strength was then calculated appropriately. The method was repeated at 
95 "C. 

Because segments 2, 4, and 6 of core 40 were nonpourable at room temperature, causing 
viscometer slippage, and because of the drying action that could occur at 95 °C, shear stress 
as a function of shear rate measurements were run in duplicates on one-to--one and 
three-to-one dilutions of those samples. Shear stress was recorded as a function of the shear 
rate generated by the rotating viscometer conical spindle. The viscosity was then calculated 

5-2 
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by dividing the shear stress by the shear rate. The yield stress was also obtained from this 
measurement. Plots depicting shear stress and viscosity as a function of shear rate were 
generated. They are included in Addendum 4i Appendix C of the tank BX-107 cores 40 and 
41 data package. No penetrometer testing was performed on cores 40 and 41 samples. 

Particle size analysis was performed at the 222-S Laboratory using scattering laser 
technology following sonication suspension of the sample aliquots in a deionized water 
matrix. Particle number and volume histograms were generated. Procedurcs relative to 
those methods are appropriately referenced in the narrative section of the data package 
(Kristofzski 1993). 

Appropriate test instructions and data sheets were completed for the quantitative tests 
performed. They were included again, along with associated graphs, in Addendum 4, 
Appendix C, of the tank BX-107 cores 40 and 41 dat.a package (Kristofzski 1993). 

All tests except particle sire analysis were performed in duplicate and abiding by the 
appropriate quality assurance measures. 

Method performance, except for particle size analysis, is thus considered good and results 
arc defensible. The particle size analysis results were potentially biased by the dissolution of 
some of the soluble salt crystals of the sample in the water dispersant. An assessment of that 
bias was not .reported. 

5.3.2 Results 

Table 5-2 summarizes weight percent soJids for cores 40 and 41 composites. Table 5-3 
summarizes physical and rheological test results for segments 2, 4 and 6 of core 40. 

Those samples were described as being light tan in color and having various amounts of free 
liquids. Copies of the settling rate curves arc included in Appendix A (Figures A-3 through 
A-5). 

Significant decrease in viscosity was observed as the temperature of· the samples inett.a.Sed. 
They exhibite.d a behavior generally observed with materials similar to greases and lubricants 
(Kristofzski 1993). 

Table 5-4 summarizes particle sizes analysis results for the recovered segments of cores 40 
and 41. Percent solids (or sample) in the dispersant (water) ranged from 1.SE-3 to 7.lE-3. 
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Table 5-2. Average Weight Percent Solids-Core! 40 and 41 Composites (PNNL). 

Composite 1 Composite 2 

Core 40 43.75 44.675 

Core 41 45.835 NR 

Table 5-3. Physical And Rheological Results for Core 40 Segments, 2, 4, and 6 (PNNL). 

Property Sample type Units Segment 2 Segment 4 Segment 6 

Settled solids Segment aliquot Volume% 100 100 97.8 

Centrifuged solids Segment aliquot Volume% 71.7 76 66 

Weight% n.2 80.6 70.4 

Density Segment aliquot g/ml 1.47 1.45 l.4 

Centrifuged g/ml 1.18 1.17 1.21 
supcmatc 

Centrifuged solids g/ml 1.58 1.54 1.49 

Solids Segment aliquot Weight% 44.8 45.6 42 

Undissolved solids Segment aliquots - W%ight 38 39.6 32.6 
% 

Shear strength Segment aliquot Dynes/cm2 3,000 8,800 4.800 

Viscosity Diluted aliquots Ccntipoise 2 2 2 
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Sample 

Core 41 se.,. 7 

Core 41 Se1.6 

Core 41 Seg.S 

Core 41 Se.&,3 

Core 41 Se.1.2 

Core 40 Seg. 7 

Core 40 Seg.6 

Core 40 Se1,S 

Core 40 Seg.4 

Core 40 s.,.2 
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Table 5-4. Particle Size Distn"bution (m µm) for Cores 40 and 41 
Segments (222-S Laboratory). 

Distribution 
Particle Si:e Range 

0.S • 114m l.S - 1.5,-cm 1.5 - 2µ.m 2 -S"m S · 10'-'m 10 • 20i,mi 

Number~ 58.97 111.98 6 .54 13.2 2.0S 0.21 

Volume!I 0.53 0.79 0.74 11.2.6 11.0S 12.17 

Number% 69.11 15.23 5.19 9.:31 1.09 0.06 

Volume% 2.91 2.97 l.78 34.18 26.-49 13.6 

Number% 59 .9 21.01 7 .19 10.-44 1.23 0.15 

Volum2i 0.23 0.38 0.36 3.4 2.91 3.54 

Nwnber~ 64 ,97 20.6S S.99 7.44 0.85 0.08 

Volume% 1.94 2.85 2.27 111.15 1S.93 13.89 

Numbar~ 77.07 15.44 3. 15 3.76 0.45 0.09 

Volume% J.SJ 1.42 0.8 6.1 5.& 12.Sl 

Number',{, 67.8 16.27 5.23 9.41 1.22 0.06 

Volume% l.17 2.41 2. 13 26.63 23.21 10.3 

Numbcrii 66.45 17.3 5.63 9.33 1. 16 0.13 

Volum6" 2.23 2..6!> 2.4 26.65 23.91 23.1S 

Number~ 58 .94 19.69 7,48 12.48 1.32 0.06 

Volume~ l.l 1.71 1.78 19.56 14.18 6.7 

Number~ 68.64 16.n S.04 8.48 0.99 0.07 

Volume~ 2.Sl 2.&4 2.34 27.07 22.2 14.23 

Number~ 74.05 JS.ll 3.93 5.88 0.9 0.1 

Volume,. 1.38 1.3 0 .93 9.SS 10 . .59 10.46 
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S.4 RWIO~HEMICAL ANALYSIS RESULTS 

S.4.1 Methods 

KOH/HCl fusion aliquots of composites 1 and 2 of cores 40 and 41 underwent radiochemical 
analysis for plutonium and uranium concentrations. Uranium was determined by a laser 
t1uorimetry technique. Plutonium was determined by chemic.al separation followed by alpha 
counting and alpha energy analysis (AEA). Uranium and plutonium isotopes were selectively 
analyzed using ionization mass spectroscopy at PNNL. 

The total beta (TB) counting procedures and gamma energy analysis (GEA) were used to 
detect beta and gamma emitting isotopes, respectively. 

At the PNNL, results were completed 3 to 5 months following sample receipt. The field 
blank uranium concentration was less than the method detectable activity (MDA) of 2 µ.gig, 
approximately 1,000 times below samples concentrations. The field and hot cell blanks 
concentrations were below the instrument detection limit (IDL). 

Plutonium field blank concentration was over 200 times less than cores 40 and 41 composite 
samples for AEA analysis. The plutonium process blank read 4E-7 µCi/g, which is 
approximately three orders of magnitude lower than the samples and indicates that there was 
li~c contamination of the samples during preparation (PNNL). 

Most concentrations reported were about 2 to 6 1()(X) times above IDLs. Standard recoveries 
were all acceptable. Uncertainties were calculated for all the reported results. 

At the 222-S Laboratory, total alpha corresponds to · the sum of plutonium and americium for 
all core composite samples, except core 40, composite 2. The high ratio of the AT to the 
plutonium and americium results indicate: 

• The potential presence of undetermined alpha emitters 
• Beta •cross talk• 
• Incorrect plutonium and americium recoveries (incomplete exchange with spike). 

The ratio of total beta to the sum of strontium/yttrium and 137Cs shows good results 
agreement. Cesium-137 beta activity was based on results reported from gamma 
spectroscopy. 

There arc also indications that •~ was lost during acidification of the fused sample prior to 
analysis. Carbon-14 analysis may be biased because of standard failure. 

GEA analysis spikes percent recovery values were acceptable (75% to 125%) for most 
radionuclides analyzed except for americium. Technetium and plutonium spikes were about 
70%. 
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Appropriate method quality assurance procedures were applied and instruction/analytical data 
sheets were completed. Copies of those data sheets arc included in the tank BX-107 cores 40 
and 41 data package. 

5.4.2 Results 

Plutonium and uranium isotopic analysis were reported in tank BX-107 cores 40 and 41 data 
package, Addendum 4, Appendix D3. Tables 5-5 and 5-6 summarize the results. 

231U and "'Pu are the dominant isotopes present with lesser quantities of 23jU and 24Cpu, and 
nominal quantities of the remaining idcntifi.ablc isotopes. Plutonium result errors were 
reported at approximately 7% for the samples and 48% for the blanks. Blank results were 
not subtracted from sample results. Dilution factors ranged from approximately 8 to 100,000 
times prior to performing actual mass spectroscopy analysis. 

Table 5-1 summarizes average radiochemicaJ results reported in Addendum 2 of the Tanlc 
BX-107 cores 40 and 41 data package. 

Field and Hot Cell Blanks Total Beta (TB) results were I .44E-4 and 7.64E-4 µCi/g, 
respectively. 

~-5 THERMAL-GRAVIMETRIC ANALYSIS RESULTS 

5.5.1 Methods 

TGA and DSC were performed on cores 40 and 41 segments and composites. TGA consists 
of heating approximately an aliquot at a controlled rate during which sample weight variation 
is recorded. TGA scans usually determine water loss between room temperature and 120 °C, 
as well as chemical changes at elevated temperatures. 

DSC is performed by heating a sample and reference pan at a controlled rate. The diffc.rcnce 
in temperature between the sample and reference is measured, The temperature differences 
represent physical or chemical chan&es occurring in the sample. Exotherms represent heat 
generated by the sample (e.g., combustion); endotherms result when heat is absorbed by the 
sample (e.g .• melting, evaporation, or sublimation) (Winters et al. 1990). 

Additional information on those methods can also be found in the reference cited in the 
previous section of this report. 

Analysis was performed 2 months following samples receipt into the 222-S Laboratory hot 
cell. 
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Table 5-5. Uranium and Plutonium Results for Cores 40 and 41 Composites (PNNL). 

Core 

Field blank 

40 
40 

41 

41 

Isotope 

23,Cu 
:mu 
'™U 
mu 
mpu 

239Pu 

:.e°l>u 
lo!IPu 

24ZPu 

Composite Uranium Plutonium 
µg/g µ.Ci/g 

<2 S.22E-S . 
1 l.81E+3 8.395E-2 
2 l.705E+3 9.72E-2 

1 2.26E+3 1.33SE-l 

2 2.225E+3 l.32E-1 

Table 5-6. Uranium and Plutonium Isotopes Distribution 
for Cores 40 and 41 Composites (PNNL). 

Mass percent range Mass percent range 
core 40 core 41 

0.00S1 - 0.0068 0.0055 - 0.0077 

0.6753 - 0.7003 0.6738 - 0.6834 

0.0055 - 0.103 0.0054 - O.OOTI 

99.2S43 - 99.3133 99.3034 - 99.3154 

0.00.36 - 0.0043 0.004 - 0.0042 

96.8142 - 96.9950 97.0820 - 97.1357 

2.9457 - 2.9916 2.8367 - 2.8514 

0.0347 - 0.1301 0.0193 - 0.0442 

0.0062 - 0.0598 0.0035 - 0.0271 
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Table 5-7. Radiochemical Analysis Summary for Cores 40 and 41 Composites (222-S). 

Units 
Core 40 Core 40 Core 41 Core 41 
comp. 1 comp. 2 comp. 1 comp. 2 

mu µ.gig 1.82E+3 2.02E+3 2.82E+3 2.41E+41 

D'tJ µCi/g 6.09E-4 6.79B-4 9.48E-4 (8.09E-4) 

AT µCi/g 8.68E-2 7.23E--2 l.81E-1 l.08E-l 

TB µCi/g 5.03E+l 3.58E+ 1 5.24E+l 4.85E+l 
137Cs µCi/g 1.34E+ 1 1.136+ 1 2.02E+l 2.47E+l 

'°Sr µ.Ci/g 9.97EO0 8.25EOO l.19E+ I 9.3SEOO 
241Am JLCilg l.02E-2 l.40E·2 l.45E-2 l.33E-2 

23~ µ.Ci/g 4.40E-2 7.96E-2 5.56:&2 4.95E-2 

99Tc µCi/g 3.81E-2 2.90E-2 4.57E-2 3.49E-2 

iH µCi/g 3.96E-4 6.31E-2 3.93E-4 8.89E-4 
14c µCi/g 2.20E-4 3.02E-4 3.19E-4 NR 

•could be due to data transcription error. 

Batch and result sheets were r; _ pleted appropriately and can be fo ·nd , along with data and 
calibration curves, in the tank BX-107 cores 40 and 41 data package. 

The TGA results ranged from 34 % to 54 % , and all relative percent differences {RPD) were 
less than 20%, except for core 4 l, segment 2. Gravimetric percent water measurements that 
use a larger sample size (thus more representative) were also obtained. 

Both TGA and DSC scans were performed in duplicate on undi&ested aliquots of all 
recovered core segments and composites. DSC calibration frequc;ncy was determined by the 
administering chemist and was based on the instrument performance relative to laboratory 
standards. All RPDs were less than 20%. 

5.5.l Results 

Reported average results are.summarized in Table 5-8. No exotherms were detected in any 
ot cores 40 and 41 segments and composites. TGA and DSC scans spanned from 25 to 
450 °C. 
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Table 5-8. TGA and % Water Results for Cores 40 and 41 Segments and Composites. 

Sample TGA Water% % Water loss 

Core 40, segment 2 44.35 54.92 

Core 40, segment 4 Sl.3 50.8 

Core 40, segment 5 52.85 NR 

Core 40, segment 6 46.l 56.25 

Core 40, segment 7 49.6 43.65 

Core 40, composite 1 56.45 57.75 

Core 40 1 composite 2 63.5 57.1 

Core 41, segment 2 44.35 NR 

Core 41, segment 3 53.3 56.85 

Core 41, segment 5 37.9 27.9 

Core 41., segment 6 41.2 49.44 

Core 41, segment 7 34.6 49.52 

Core 41, c.omposite l 64.5 56.15 

Core 41. c.omposite 2 52.5 55.95 

s·.6 :METALLIC ELEMENTS ANALYSIS RESULTS 

5.6.1 Methods 

Metals were determined following three different sample treatments: (1) water extraction; 
(2) acid digestion (based on EPA 3050); and (3) KOH fusion. 

Analyses was performed usin& inductively c.oupled plasma (ICP) spectroscopy. For analytes 
with low ICP sensitivity, atomic absorption spectroscopy {AAS) was used. Hydride atomic 
absorption {HY AA) reduction method was used for arsenic and selenium, and cold vapor 
atomic absorption (CV AA) technique was used for mercury. 

Appropriate analytical data sheets were completed and enclosed in the tmk BX-107 cores 40 
and 41 data package. 

An acid digestion procedure was applied prior to cold vapor/hydride generation techniques 
and AAS analysis for arsenic and selenium. 

S-10 
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ICP analysis following acid digestion exhibited many analytical difficulties for cores 40 and 
41 composites: 

• Standard % recovery was not adequate for potassium, bismuth. selenium, silica, 
silver, sodium, calcium, magnesium, and boron (see data package, addendum 1). 

• Sample and duplicate readings differed between 60 to 200%, for most analytes, for 
3 of the 4 composites. 

• Spike % recovery was out of specifications for aluminum, calcium, iron, sodium, 
phosphorus, silica, sulfur, zirconia and other elements in both core 40 and 41 
composites I. Spike % recovery was not reported for the other 2 composites. 

Those inadequacies were explained as follows (Kristofzski 1993): 

• Poor recoveries of iron, manganese, and calcium accompany high preparation 
blanks values. 

• Silver recoveries are commonly low due to AgCl precipitation following addition of 
HCI. 

• If an analytical result is below detection limit, the laboratory software program 
returns an RPD of 200 % • · 

• Spike failures for major elements are frequently ca.used by a high element 
concentration in t! ·~ .si.r.-:.ple; when the added spike concentratio!'l is insignificant 
compared to the concentration of the element present in the sample, a failure 
gener.illy occurs. 

ICP analysis following water extraction showed good standard % recovery values. Sample 
and duplicate reading, however, showed a large concentration span for clements such as 
zirconium, barium, calcium, sodium, and zinc. 

Spike percent recovery results were better than with acid digestion, but still showed 
anomalies relative to chromium, sodium, phosphorus, sulfur, silica, calcium, and bismuth. 
No spike % recovery was reported for core 41 composite 2. 

ICP analysis following sample fusion showed good standard percent rccoverics (between 75 
to 125%). However, sample and duplicate rudings showed a large span for (1) cadmium, 
lead, selenium, and titanium in composite 1 of core 40; (2) cadmium, silver, and zirconium 
in composite 2 of core 40i and (3) silver in composite 2 of core 40. No data were reported 
for composite 1 of core 41. 
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Spike % rerovery was acceptable in gen~ but was not reported for composite 2 of 
core 41. On few occasions, the sample concentration was lower than that of the preparation 
blank. 

The low fusion concentration results exhibited by calcium are attributed to poS.!ible spectral 
interferences or highly insoluble precipitate/matrix formation. High nickel concentration 
results following fusion are attributed to sample contamination resulting from the use of 
nickel•impregnated crucibles. 

S.6.2 Results 

Table 5-9 reports metallic analytes results, in 1,Lglg, for cores 40 and 41 composite samples. 

The preparation blanks concentrations, which mostly read below IDL, were not subtracted 
from actuaJ sample readings. 

5.7 ANIONS ANALYSIS RESULTS 

5.7.1 Methods 

Water soluble ions such as fluoride, chloride,· nitrate, nitrite, phosphate, and sulfate were 
analyzed by ion chromatography (IC). In addition, nitrite was also evaluated using WHC. 
spectrophotometric procedure. Cyanide (CN-) was evaluated using a micro-distillation 
procedure. The pH was determined using a standard pH meter. Carbonate was determined 
as total inorganic carbon (TIC), before the TOC analysis, by coulometry measurements of 
the CO, evolved following sample acidification. 

An overview of those methods can be found in Sasaki et al. (1990), Sections 5 and 10. 
F.urthc:r method details can be retrieved from PNNL and 222-S Laboratory manuals, or the 
tank BX-107 cores 40 and 41 data package. 

Appropriate quality assurance/quality control measures were applied. Analytical data sheets, 
including IC chromatograms, were included in the tank BX-107 cores 40 and 41 data 
package. 

Standard and spike percent rei;overy values for those methods were all within the appropriate 
specific.ations, namely 75% to 125,C,. Preparation blanks concentrations were acceptable 
compared to the sample values re.cord~. 

IDL was also adequate, and generated high sample reading to detection limit ratios. Poor 
duplicate results were noticed in genera] for TIC. CN· concentration were less than the 
method detection limit (MDL). 
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Table 5-9. Metallic Elements R~ults for Cores 40 and 41 Composites in µgig• (222-S). 
Acid.fwater Fusion 

d.ige$tio11 digest Preparation Core 40 Core 40 Cote 41 Core 41 Element& detection detection type compoi:i te. 1 compogjte 2 compoaite 1 composite 2 
limit (IDL) limit 

(IDL) 

Wa.tz.r 105 80.4 71.6 279 
Al 3.4 17 Ac.id 11900 12300 16200 16600 

Fusion 13900 12000 17300 14100 

Water 37.3 37.3 36.3 37.2 
Sb 35.6 178 Acid 34.1 34.51 35.2 33.8 

Fusion 1&3' 183" 182" 1831 

Water 3.06 3.06 3.16 3.0S 

As J.I 15.S Acid 2.8 2.86 3.03 2:n 
HYAA 0.43 0.393 0 .361 0.536 

FuJioo 15 15 14.9 15 
Water 0.379 O.S31 0.306 0.5S3 

Ba 0.3 1.5 Acid 6.75 6.38 10.3 9.31 

Fusion 6.rn 8.07 11.8 10.6 

Water 0.306 0.306 0.306 0.305 

Be 0.3 LS Acid 0.28 0.286 0.288 0.277 ·-- ----·· --~ ...... 
Fl!S.ion !.:~ . .. :., l.<19 1.5 

Water 0.713 0.713 0.713 0.711 

Cd 0.7 J.5 Acid 1. 86 1.93 2.74 2.56 

Fusion 3.68 J.51 4.3S S.l6 

Water 7S2 714 147 121 

Cil 2.4 12 Acid 2140 547 1170 296 

Fusioo 360 306 369 549 
Water 157 133 156 159 

Cr l.4 7 Acid 854 877 1070 1030 

Fu.iioo 972 838 1-080 983 

Water J.02 1.02 1.22 1.09 

Co l.2 6 Acid 2.08 1.69 2.32 0.951 

Fusion 4.99 5 4.98 12.3 

Water 0.726 0.776 0.611 0.87 
Cu 0.6 3 Ac.id 62,7 72.S 18.7 17 

FU&ion 61.3 71.6 26..S 41.2 

Water 54.1 42 58.4 318 

Fe 2 10 Acid 9450 9430 12900 12300 

Fusion 11000 8870 13300 11100 
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Table 5-9. Metallic Elements Results for Cores 40 and 41 Composites in µgig• (222-S). 
Acid/water Fusion 
~CBtiOD diaest Preparation Core 40 Core 40 Core-41 Core 41 

Elements detection detection type composite 1 composite 2 compo&ite 1 C-OmpOlite 2 
limit (JDL) limit 

(IDL) 

Water 1.23 7.23 8.66 7.77 
Pb 8.5 42.5 Acid 54.3 50.S 77.1 69.3 

Fusion 45 6S.2 99.S 88.2 
W,:er 16.S 34.4 6.51 8.41 

Mi 0.6 3 Acid 170 149 1g9 126 

F11iion 111 89.8 131 116 

Water 1.08 1.25 0.306 1.3 
Mn 0.j 1.5 Acid 3.S.-4 33.3 47.2 ofJ.l 

Fusion 62.8 54.4 73 .4 67.6 

Water l.43 1.43 1.8:3 1.42 

Ni 1.8 9 Acid 10.9 10.4 14 13.6 

Fus.ion 7200b -199Qb 28601, 107()()1' 

Waie.r 167 137 156 130 

K 13.3 66.5 Acid 264 199 306 2$2 

FiaiQn NA NA NA NA 

Water 8.46 8.46 13.3 68.2' 

Se 13 , l 6S.S 
Acid 312~ 295' 36911 7.66' 

HYAA · 1.5 J.91S 2.02 0.623 

Fusion 41.4 11 41.5" 41.31, 33()1> 

Water 1.02 1.02 1.02 1.02 

A~ I 5 Acid 0.932 0.952 0.961 0.923 

Fillion 4.99 7.02 6.29 5.46 

Water 53300 67000 80100 72000 

Na. 8.7 43,S Acid 100000 102000 103000 100000 

Fusion 104000 101000 102000 95000 

Water 25.6 23.8 2.SS 5.12 
Zn 2.5 12.5 Acid 56.1 35.5 81 6S.S 

Fusion 75.3 48.J 88.2 122 

W~r 106 80.2 113 635 

Bi 8,S 42 . .S Atid 21200 22100 27100 26200 

Ful:ion 21900 20600 28100 18600 

Water 27.9 28.7 20.7 22.8 

B l.9 9.5 Acid 49.8 62.3 50.B 25.3 

Fusioo 18.4 18,8 6.65 16.2 
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Table 5-9. Metallic Elements Results for Cores 40 and 41 Composites in /1,,g/g• (222-S). 
Acid/water Fur.ion 
digeition digest Prepar&t.ion Core 40 Core 40 Cor,, 41 Co1.1141 

m.m.enta detection dW1Ction type comp0£ite l composite 2 compo1itc 1 compocita 2 
limit (IDL) limit 

(IDL) 

wa.,..r 9.99 9.99 8.76 9.96 

Ce 8.6 4l Acid 151 169 191 203 
Fusion 92.1 178 201 229 

WatAr 1.63 1.63 2.14 1.63 
la 2.1 10,S Acid 1.49 1.52 1.5'4 1.48 

Fusion 7.98 7.99 1.97 1.99 
W1tter 4750 S000 4600 4810 

.P 8 '° Acid 19700 21300 23900 27200 

Funoo 24200 20800 27400 21500 
Watu 414 364 136 262 

Si 2.3 11.s Acid 1540 1720 1740 1660 
Fusion 6600 6000 7990 6540 

Water L.7 l.M 1.46 s 
Sr 0.6 3 Acid 1S4 157 185 170 

Fusion 171 160 188 15S 

Water 4560 4630 4390 4150 

s 6 30 Acid 4760 5000 4470 4030 

. F1Uion ~30 4650 4150 4130 

Water 2,34 2.34 l.63 2.34 

Sa l.6 8 Acid 3.28 6.3 7.19 11.2 

Fusion 11.5 11.5 11.5 11.S 

Wat~r 0.408 0.408 0.S1 0.406 

Ti o.s 2.5 Acid 3 . lS 3.S9 4.59 4.06 

Fu&io11 3.25 5.1 7.27 9.0S 

Water 1.54 1. ll 1.21 6.09 

Zr 1.1 s Acid 94.6 92.2 &7.9 ll0 

Fusion 189 66.2 121 166 

Hg NR NR CVAA 0.611 0.375 0.631 0.642 

'Biased due to interference. Fnsion is ll0t suitable fot mOtt trace metals bec.ause of larau cliluhon r.quued. 
~Not valid resultl due to method i:ontamination (nickel crucible,;), 
*Watbiluis. 
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5. 7 .2 Results 

Table 5-10 summariz.es average anion results in µ.gig. 

5.8 ORGANIC ANALYSIS RFSULTS 

5.8.1 Methods 

TOC. total organic/extractable organic halides (TOX/EOX), SVOA and VOA were applied 
to tank BX-107 cores 40 and 41 composite samples. VOA were also performed on core 41, 
segments 2, 3, 5, 6, and 7, and core 41, segments 5 and 7. 

TOC is a chemic.al oxidation me.thod used to determine the concentration of water soluble 
and water insoluble organics in the sample. Unusually high concentrations in the water 
soluble fraction could be an indication of the presence of organic complexing agents such as 
EDTA, HEDTA, acetate and citrate. Organic halides are measured as follows: 

1. Sample pH is adjusted to near neutral prior to extraction. 

2. Organic halides present in the sample are extracted using ultrasonic mixing into an 
ethyl acetate solution. -

3. Extract is injected into a TOX analyzer where the sample is combuste.d and the 
halides, except fluoride, are measured coulomctrically. 

Semi-volatile organic compounds arc analyzed by gas chromatography/mass spectroscopy 
(GCIMS) EPA method SW-846-8270 following a methylene chloride sonication extraction 
procedure. 

Volatile organics are analyzed using EPA SW-846-5040, which consists of a thermal 
desorption followed by a purge and trap methodology. 

For VOA, samples were received on October 27, 1992, after four months in the 
222-S Laboratory hot cell. Analysis was performed two days from sample receipt by PNNL 
personnel. 

Analytical data she.els were completed appropriately and were included, along with 
chromatograms, into the tank BX-107 cores 40 and 4J data package. 

The NPH contamination cleanup procedure using methanol was performed on sample 
aliquots. For VOA, the dilution factor was approximately 625. 
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Table 5-10. Anion Results for Cores 40 and 41 Composites in µ.g/g• (222-S). 

Specie Method IDL Prep.BLK Core 40 
comp. I 

F IC 1.00El <l.OOEl 8.51E3 

Ct IC 2.36El 2.36El l.16E3 

NOi IC l.86E3 1.86E3 l.42E5 

NOi IC 1.00E2 <lOO 9.68E3 

NOi Spec. 5.11E3 <5.11E3 1.32E4 

PO,/ IC l.OOE2 < 100 1.44E4 

so,2 IC l.OOF2 <100 l.41E4 

pH pH meter NA NA 9.63 

NH3 Dist. 4.50E3 <4.5E3 <4.5E3 

CN Dist, 0.1-2 0.02-<2 3.11 

carbon TIC 5.00E2 3.4E-I 1.15E3 

co;· Calculated NA NA 5745 
from TIC 

rrhis could be attributed to a calculation error. 
•wet Basis. 

Core 40 Core 41 Core 41 
co111p. 2 comp. 1 comp. 2 

8.42E3 8.88E3 1.~ 
1.18E3 1.06E3 l.18E3 

I.SES 1.28E5 l.30E5 

9.16E3 l.25E4 1.20E3• 

l.03E4 1.33E4 1.25E4 

1.5E4 1.34E4 1.42E4 

l.42E4 l.30FA l.23FA 
9.68 9.82 9.72 

<5.5E2 <4.5E3 <4.5E3 

1.43 2.99 2.43 

l.15E3 1.2483 l.10E3 

5733 6218 5500 

SVOAs were extracted on November 11. 1992, and analyzed on December 12, 1992. No 
~utions were necessary for SVOAs. However, it is unclear whether the results reported 
were per kg of waste materiaJ. High quantification/detection limits were reported for both 
methods (VOA and SVOA) and attributed to method deficiencies. 

TOX spike recovery was low but accepted by the administering chemist and attributed to 
matrix interferences. 

Table 5-11 summarizes TOC results in p.g/ g for cores 40 and 41 composites. 

No volatile EPA target compounds in concentration above the Contract Required 
Quantification Limits (CRQL) were observed in the blank or core samples. However, 
kerosene constituents, such as decanc, undccane, dodecane, and tridecane were observed. 
Table 5-12 summarizes averages of those results. Detailed GC/MS repons, including sample 
~d duplicate results, can be found in the tank BX-107 cores 40 and 41 data package. 
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Table 5-11. Total Organic carbon Results for Cores 40 and 41 
Composites in µg/g (222-S}. 

Sample Preparation blank Total organic carbon (TOC) 

Core 40, composite 1 <S.SOE2 7.00E2 

Core 40, composite 2 <5.50E2 <5.50E2 

Core 41, composite 1 <5.50E2 <5.50E2 

Core 41, composite 2 <5.50E2 8.97E2 

Table 5·12. Volatile Organic Results for Cores 40 and 41 Segments in "gig (PNNL). 
Volatile 

Core 40 Core 40 Core 41 Core 41 Core 41 Core 41 Core 41 
organic 

seg.7 seg.5 seg.2 seg.3 Seg.S sea.6 Seg.7 
compound 

Decane 2.2 2.05 15.5 2.25 6.95 NR NR 
Undecanc 2.0 2.35 2.05 3.35 5.1 NR NR 

Dodecane 23.0 26.5 29.0 41.5 70.0 14.5 30.0 
Tridecane 10.25 11.55 20.5 31.5 58.3 15.5 40.0 
Tetradecane 2.15 2.05 4.4 9.95 19.0 5.9 12.5 . 
NOTE: The presence of those compounds is attnbuted to sample contamination with 
NPH. 

Water-soluble organic halides contents were < 10 µgig for sample and blanks, based on the 
total wet weight of the sample in core 40. Core 41 EOXs were below MDL. 

SVOA showed traces, mostly below IDL, of several organic compounds. Those results were 
tabulated and included in Addendum 4, Appendix E of the data package. Tables 5-13 and 
5-14 list average results for compounds detected in relatively considerable amounts. 

S~9 OVERALL ANALYTICAL DATA SUMMARY (DATA PRESENTATION} 

Table 5-15 compiles average species concentrations as reported for the 1979 and 1992 core 
samples in parallel with calculated TRAC and process history data. In addition, a tank 
contents bulk inventory, calculated based on the 1992 analytical data, is presented. Process 
History, TRAC, and 1979 core data were appropriately converted to µg per gram of wet 
residue. 
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Table 5-13. Semi-Volatile Organics Results for Core 40 Composites in µg/g (PNNL). 
Compound Composite 1 Composite 2 

Undecane 10.05 11.5 
Dodecane 550 640 
Trideane 1,600 1,750 
Tetradccane 1,200 1,250 
Pentadecane 38.5 45.5 
Tributylphosphate 8.2 9.4 
NOTE: The ruence of thoae com oundl (exce t tributylpho1pbatc) u: attributed to a.am le contamination p p p p 
with NPH. 

Table 5-14. Semi-Volatile Organics Results for Core 41 Composites in µgig (PNNL). 

Compound Composite I Composite 2 

Undecane 14.5 13 

Dodccane 640 570 

Tridecane 1,450 1,350 

Tctradecane 1,150 1,050 

Pentadecane 53 49 

Tributylphosphate 6.85 3.75 

NOTE: The pretence of those compounds (e~ept tn1,utyJpbosphatc) ia attributed to sainple contamination 
with NPH. 
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Table 5-15. Overall Data Summary and Inventory F.stimates (Wet Basis). (3 pages) 

Tank 

Process 1979 core 
1992 cores 40 inventory 

Group Mol. wt. 
history 

TRAC 
total and 41 based on 

average total 1992 core 
data 

Metals µgig µ.g/g µgig µ.gig Kg 

Be 9 NR NR NR 1.5 2.82 

B 11 NR NR NR 47.05 88.47 

Na 23 64717 46571 110000 102000 191800 

Mg 24 4655 NR NR 158.5 298 
Al 27 444 1359 16400 14300 26890 

Si 28 NR 290 1270 6783 12755 
p 31 NR NR NR 23480 44152 

s 32 NR NR NR 4440 8349 

K 39 NR NR NR 263 495 

Ca 40 NR 5846 NR 1040 1956 

n 48 NR NR NR 6.34 11.93 
V 51 NR NR NR 9.14 17.19 

Cr 52 72 25 74 968 1820 

Mn 55 NR 188 52.7 64.56 121.39 

Fe 56 m 6720 14300 11100 20872 

Ni 59 NR NR NA 12.22 22.97 

Co 59 NR 230 NR 7 13.16 

Cu 64 NR NR NR 51.6 97.03 

Zn 65 NR NR NR 83.3 156.64 

As 75 NR NR NR 0.43 0.81 

Sc 79 NR NR NR 1.52 2.86 

Sr 89 NR 9 NR 169 318 

Zr 91 126 941 NR 136 256 

Ag 108 NR NR NR 6.25 11.75 

Cd 112 NR NR 15.3 4.25 7.99 

Sn 119 NR NR NR 11.5 21.62 
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Table 5-15. Overall Data. Summary and Inventory Estimate! (Wet.Basis). (3 pages) 

Tank 

Process 1979 core 
1992 cores 40 inventory 

Group Mol. wt. 
history 

TRAC 
total 

and 41 based on 
avenge total 1992 core 

data 

Sb 122 NR NR NR 183 344 

Ba 137 NR NR NR 9 16.92 

La 139 NR NR 438 7.99 15.02 

Ce 140 NR 41 NR 175 329 

Hg 201 NR NR NA 0.6 1.13 

Pb 207 NR 2017 20 76 143 
Bi 209 11531 7351 16100 22300 41933 
Total metals inventory excluding phosphorus 165020 162240 305076 
and sulfur (inclcding uranium) 

Radionuclides µCi/g µCi/g µ.Ci/g µCi/g KCi 

AT NR NR NR 0.0963 0.1811 
2,1Am NR 1.SlE-3 0.013 0. 0 A 

2l9t240pu 6.7E-7 2.76E-2 0.1027 0.0572 0.1076 
·mu 6.27E-4 4.02E-4 5.64E-5 7.467E-4 0.0014 

TB NR NR NR 46.7 87.81 

~Cs NR 9.7437 11.11 17.4 32.72 

99-fc NR 2.5lE-3 NR 0.0369 0.0693 
90Sr NR 25.13 14.2 9.87 18.56 
J,Cc NR 9.744E-5 NR 2.61E-4 4.91E-4 

3H NR NR NR 3.77E-4 7.09E-4 

Total radionuclides inventory 25.41 46.8 -88 

Anions µgig µg/g µgig µgig Kis 

OH- 17 2345 5159 NR NR NR 

NH,i 17 856 NR NR <4.SE-3 NR 

CN· 26 NR NR NR 2.49 4.6171 

F- 19 1703 957 1000 9190 17281 
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Table 5-15. Overall Data Summary and Inventory Estimates (Wet Basis). (3 pages) 

Tank 

Process 1979 core 1992 cores 40 inventory 
Group Mol. wt 

history 
TRAC 

total 
and 41 based on 

average total 1992 core 
data 

Cl- 35 0 0 NR 1140 2144 
NO,- 46 19352 1872 NR 8120 15269 

N~- 62 83379 31385 153000 137000 257613 
c~-2 60 5793 24290 1000 5799 10911 

P04-3 95 14414 14414 87000 12611 136537 
so,·2 96 5959 NR 9300 13400 25197 
Total anions inventory (water soluble) 173000 247072 464409 

Total metals and anions inventory 338020 351092 660190 

pH >9.5 NR NR 9.11 NA 

Total organic c-arbon 7.3 675 1252 

Inorganic chelators µ.gig µ.gig µgig µ.gig Kgs 

EDTA NR 2.9231 NR NR NR 

HEDTA . NR 4.8719 NR NR NR 

Physical properties Units 

Total solids (dry basis) 45 44.13 % 

Water NR 56 % 

Undissolved solids NR 36.73 % 

Bulle density 1.45 1.44 g/cm3 

Particle density 2.25 NR g/cm3 

Supernatant density 1.238 1.19 g/cmJ 

Particle size distribution ± 20 % Number 

0.5 - 2 microns 90 % 

2 - 5 microns 9 % 

S -150 microns 1 " 
NOTE: Appendix A contains a detailed summary including calculated statistical values and 
inventory of the 1992 cores 40 and 41 data (Table A-7). 
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5.10 DATA QUALITY - CORES 40 AND 41 

5.10.1 Data Validation 

Tanlc BX-107 cores 40 and 41 analytical results validation was performed by ws Alamos 
Technical Associates, according to standard procedures d~ribcd in Kersner (1990). 
Section 2.0 to 2.2. Quality assurance procedures, described in Winters et al. (1990), 
Appendix D, were also applied. 

The main objective of the data validation effort is to assess the usability and defensibility of 
the data generated. As mentioned in the narrative section of the tank BX-107 cores 40 and 
41 data package, this was accomplished through a detailed examination of the data package 
to recreate the analytical process and verify that proper and acceptable analytical techniques 
were applied. The data package was checked for correct submission of required 
deliverables, correct data transcriptions from the raw data to the summary forms, and the 
proper calculation of various parameters. 

Data summary tables including data qualifiers depicting data usability status (unusable, 
estimate) were consecutively generated. The following lists major factors used in the data 
qualification process: 

• Chain-of-custody records 
• Holding times 
• Instrument calibration 
• Calibration verifications 
• Analytical blan ,. 
• Preparation blanks 
• Interference check sample 
• Laboratory control sample 
• Duplicate analysis 
• Matrix spike or post digestion spike 
• Retention time 
• Contract required detection limit standard 
• Serial dilution 
• Surrogate recoveries. 

A validation summary for cor:es 40 and 41 analytical results can be found in Addendum 1 of 
the data package. 
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Following those steps, most reported data was qualified as an estimate (UJ or J), with some 
being classified as unreliable {R). The following lists some of the flaws, according to the 
data validation report: 

• Typical ICP analysis problems, such as elemental _and matrix interferences, were 
encountered. Preparation blank contaminations were reported. Some analysis also 
lacked calibration records. 

• Total alpha results were qualified. as unreliable because of the lack of a matrix 
spike (was not required when analysis was performed). 

• Americium-241 data was classified unreliable because no energy oounts were found 
for tracer recoveries below the program goal of 50 % • 

• 222-S laboratory plutonium analysis reports were missing :some documentation, 
thus J~ults were classified as estimates. 

• Iodine re~ults were classified unreliable because of poor carrier recovery. 

• Carbon-14 results were classified as estimates because duplicate RPDs exceeded 
acceptance criteria. 

• 222-S Laboratory uranium analysis results were also classified as estimates because 
of poor precision and missing docuinentation for internal standard traceability. 

In general, for most analyses the analytical chemist was not required to perform additional 
reruns if the original quality control failure remains after the first rerun. 

Discrepancies in the data package results included incorrect reports of exotherms for 
segment 6 of core 40. DSC scans were also missing for core 41 segments. 

5.10.2 Field and Hot Cell Blanks 

Field and 222-S Laboratory hot cell blanks"' were omitted from the initial shipment to 
P.NNL. Those blanks were prepared and analyzed separately from the tank BX-107 cores 40 
and 41 samples for volatile and semi-volatile organic compounds. 

· *Hot cell blank consists of deionized water samples contacted with the extraction tray. 
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Acetone was the only volatile compound observed above the CRQL Phtalates were also 
detected in the semi-volatile analysis. However, it was determined that the presence of those 
compounds was because of contamination! during method preparation. Details of those 
analyses can be. found in Addendum 6 of the tank BX-107 cores 40 and 41 data package 
(Kristofzski 1993). 

5.10.3 TCLP Extraction 

Core 40, composite 1, underwent Toxic Characteristics Leaching Procedure (TCLP) 
extraction in the 222-S Laboratory. TCLP as defined by EP ~ is a 20: 1 extraction 
procedure using a sodium acetate buffer. The 222-S Laboratory procedure, however, was 
scaled down by a factor of 10 (for radioactive samples). The pH was abo adjusted to 2 to 
test the loss of metals by absorption and/or precipitation in the sample container caused by 
matrices with pH greater than 5 cm (2 in.) (Kristofzski 1993). Table 5-16 is a summary of 
the TCLP results prior to acidification. 

Table 5-16. TCLP Results for Core .40, Composite 1. 

Contaminant Dangerous waste Concentration 
metal number mg/L 

Ag D011 <0.01 
Ba DOOS 0.102 
Co 0006 <0.07 
Cr D007 7.11 

Pb D008 0.71 
As D004 2.04 
Sc D010 1.63 
Hg D009 0.0258 

Detailed results can be found in the data summary section of the tmk BX-107 data package. 
Because of the historical affinity of hydroxy-carboxylic acids towards metallic ions, by 
sele.ctively formin& stable chelates (Raphael 1989), and because only a selected number of 
elements were analyze.d thus minimizing the relevancy in understanding the waste matrix, 
those results wilJ not be assessed in this report. 
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6.0 ANALYTICAL DATA INTERPRETATION THROUGH 1992 

This section interprets up-to-date analytical data (presented in Section 5.0) relative to 
tank BX-107 contents. 

6.1 ~ID~ PHYSICAL PROFILE 

Physical properties represent a key assessment and design factor. These characteristics have 
been compiled in tabulated formats. Tables 6-1, 6-2, and 6-3 detail the physical data 
reported. 

Most physical data assessments were performed on segments 2, 4, and 6 of core 40. Settling 
rate curves are included in Appendix A (see Figures A-3 through A-5). Actual viscosity 
values were not reported. Table 6-4 summarizes that information. In general, 1992 and 
1979 core data agree with the values reported for the physical properties. 

Particle size analysis was peiforrned on 1992 core segments. Number and volume 
distribution agreed, in general, between core 40 and core 41 segments (refer to Table 5-4). 
Section 6. 7 will address particle size spatial distribution on segment and core levels. 
T~ble 6-5 is an overall number and volume ~ased summary of particle siz.e distribution. 

Note that the wide % distribution range exhibited in the volume distribution for particles 
between 2 to 150 µm is mostly related to the siz.e of the sample used (0.1 grams or less) 
whereby l2.;,_er particles can be easily lost or broken into smaller particles. Data reveals 
that, in general, ✓ % o the particles arc between 0.5 to 5 µm while appro imately 77% of 
the volume is occupied by particles from 5 to 150 µm. Table 6-6 is an overall summary of 
the data. Figure 6-1 is a reflection of the data in Table 6-6. 

6.2 RADIOCHEMICAL CHARACTERISTICS 

6.2.1 1992 Data Interpretation 

A table that compares analytical ranges oa a core composite level is included in Appendix A 
(~ Table A-6). Table 6-7 presents analytical ranges on a core composite level basis. 
Table 6-8 summarir.es the average and range of radionuclides concentrations. 

Figure 6-2 is a graphical representations of the average data presented in Table 6-8. 
It should be noted that AT is higher that the sum reported for plutonium and americium. 
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Table 6-1. Residue Volumetric Breakdown in Gallon (June 1993). 

Ratio Sludge (including Interstitial Supernatant 
sl udge/intcrstitial/ interstitial liquid) liquid liquid superna.tant 

3.44E5 0.29E5 O.OlES 315/29/1 

Table 6-2. Physical Measurements Summary (1992). 
Temperature Pressure Residues level (sidewall bottom) 

July 1993 NR April 1993 

66-P atmospheric -(120.7 in.) 

21 °C atmospheric -3.07 m 

Table 6-3 Sludge Macro-Physical Characteristics (1992). 

Color Grey mostly with white and green streaks 

Texture Light mostly with shiny and crystalline streaks 

Consistency Creamy granular with some adhesive and cohesive characteristics 

Table 6-4. Tank Contents Physical Characteristics Summary Based on 
Core 40 Segments (1992). 

~ysical characteristic A vere e value 

Total settled solids 99.3 

Settlina time (to account for 90~ of the sample by volume) 2 

Approximate time uymptotic sottliag reached 10 

Tot.al cmtrifugod ~lids (l .000 it iravity for I hour) 7J.2 

76 

Bulk density 1.44 

Particle density (1979) (density of dry particles) 2.2S 

Density of ccntrifupd mpt1fflllte 1.19 

Solids (dry) 44.13 

Soli~ nm2e 44 - 46 

Undissolved mlids (dry) 36.73 

Shear strength S533 

Units 

Volume" 

Homs 

Hours 

Volume '5 

Weight% 

elect' 
c/cm.3 

glc:d 

Weight 4J1i 

Weight 1i 

Weight~ 

Dynes/cm2 

NOTE: 1M d~ !)ccwccn senled 111d Ulllnfil,cd 101idt can rrov.1c &11 ,ulim.t1a or tlw v.y l1&hl particlca, mlubl1 or QOlloidd *II.It type. wbicb aft pruent in tad: BX,101 ttlldln. 

NOTE: The perccnr Waler canknt ii above Iba pasiulatl!d aafet7 limil of~". 
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Table 6-5. Particle Size Summary in Percent (1992). 

Particle size Number Number Volume Volume 
intervals distribution distribution distribution distn"bution 
(microns) range mean range mean 
0.5 - 1 58.97 - 77.07 66.59 0.23 - 2.91 1.65 

1 - 1.5 15.11 - 21.01 17.65 0.38 - 2.97 1.94 
1.5-2 3.15 - 7.48 5.54 0.36 - 2.78 1.65 

2-5 3.76 - ,13.2 8.97 3.4 - 34.18 21.32 

5 - 10 0.45 - 2.05 1.13 2.98 - 26.49 15.64 

10 - 20 0.06 - 0.21 0.1 3.54 - 23.15 12.06 

20 - 150 0.01 - 0.08 0.03 17.06 - 89.11 48.8 
NOTE: Figure 6-l ii a reflectte•n of the ditt.11 in Table 6-6. 

Table 6-6. OveralJ Summary of Paniclc Size Distribution in Percent (1992). 

Particle size Approximate Approximate Approximate Approximate 
interval microns average number average volume 

number distribution volume distribution 
dis.triburion range (± 20%) distribution range (± 20 % ) 

(± 2%) (± 2%) 

0.5 - 2 90 77 - 100 5 1 - 9 

2-5 9 3 - 13 21 3 - 34 

5 - 150 I 0.5 - 5 76 24 - 100 
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Table 6-7. Radionuclides Analytical Ranges for Cores 40 and 41 Composites (1992). 

Radionuclide Core 40 analytical range (µ.Ci/ g) Core 41 analytical range (µCi/g) 

"'U 6. lE--4 - 6.SE-4 9.SE-4 

73'tJ µgig 1.56E+3 - 2.18E+3 2.82E+3 - 2.29E+4• 

239124°I>1J 3.49E-2 - 7.17E-2 4.49E-2 - 5.64E-2 

:mAm 8.0SE-3 - 1.38£-2 l.28E-2 - l.62E-2 

AT 7. l 7E-2 - 9.47E-2 1.0lE-1 - l.23E-l 

TB 3.28E+ 1 - 5.03E+ I 4.58E+ 1 - 5.36E+ 1 

l37Cs l.09E+ I - l.35E+ 1 2.00E+ 1 - 2.51E+ 1 

'°Sr 7.71 - 10.2 8.74 - 12 

'9J'c 2.83E-2 - 4.06E-2 3.24E-2 - 4.92E-2 

i•c l.33E-4 - 4.2I E-4 2.24E-4 - 3.49E-4 

3H 3.89E-4 - 7.99E-4 3.66E-4 - l.08E-3 

•Thi! upper nu11e, an ana.lytical v11.lue, reported for H'lJ in 1'-1/i i1 moil likely a report~ error, with the 
actua..l value beio1: 2.29 E+3. -

Table 6-8. Radionuclides Profile Summary· (1992). 

Radionuclides 
Cumulative average Analytical range 

(µCi/g) (µCi/g) 

n•u 7.467E-4 NIA 

n&u µgig 2E+3 2.29E+4 - 2.82E+3 
239.-u0pu 5.72E-2 3.49E-2 - 8.34E-2 

241Am 1.30E-2 8.0SE-3 - 1.62E-2 

AT 9.63E-2 1.0lE-1 - 9.47E-2 

TB 4.67E+l 3.28E+ 1 - 5.36E+ 1 
137Cs l.74E+ 1 l.09E+l - 2.51E+l 

90Sr 9.87 7.71 - 12 

~c 3.69E-2 2.83E-2 - 4.92E-2 

'"C 2.61E-4 1.33E-4 - 4.21B-4 

3H 3.77E-4 3.66E-4 - l.08E-3 
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TB results were aJso higher that the sum of cesium and strontium concentration. Those 
issues were addressed in Section 5.4.1. Other radioactive elements usually contribute to the 
alpha and beta spectrums with varying degrees of activities. 

Uranium and plutonium i90topic distribution was also reported by the PNNL. Table 6-9 
reports a concentration range for those isotopes (refer to Table 5-6 for the distribution range 
values reported). 

All results arc reported per gram of waste (wet basis). Plutonium concentration slightly 
exceeded the TRU diSJX>s.a.l regulatory limit of 0.1 µCi/g for core 41 samples. Total cesium 
plus strontium concentration calculated from the total beta reported value exceeded the 
postulated limit of 100 ~Ci/g (on a dry basis) by about 10 to 20% for cores 40, composite 1, 
and core 41. 

6.2.2 Comparison w~ 1979 Core Data 

Table 6-10 compares 1979 and 1992 average radionuclides results. 

Data, except for uranium, corresponds to the outcome of radioactive decay. No assessment 
against process knowledge or TRAC estimates will be made at this point. 

6.2.3 Speciatioo of Radionuclides 

No soluble radionuclidcs data is available from 1992. Chemical knowledge combined with 
1979 data interpretation indicates the following: 

• Cesium is most likely present as a combination of phosphates, hydroxides, and 
salts. 

• Plutonium is most likely present as a phosphate (oxyphosphate). 

• Uranium is most likely pre.sent as an oxide in a phosphate matrix. Some uranium 
fluorides could be also incorporated in that matrix. 

. • Strontium is most likely present as a phosphate or an oxide-hydroxide combination. 

6-7 
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Table 6-9. Isotopic Distribution of Plutonium and Uranium. (from PNNL Data 1992) 

Isotope Units Concentration range 

™U µ.g/g 0.102 - 0.154 
vsu ~gig 13.476 - 14.006 

236[J µgig 0.108 - 2.06 
2ltu µgig 1986.07 - 1986.3 
2UpU 1,LCilg 2.059E-6 - 2.46E-6 

239Pu µCi/g 0.055 - 0.56 

:M°f>u p.Ci/g 0.0016 - 0.0017 
)4JPu µCi/g 1.104E-5 - 7.442E-5 

242Pu µCi/g 2.002E-6 - l.55E-5 

Table 6-10. Rad.ionuclides Data Comparison in p.Ci/g, 1979 and 1992. 

Radioactive element 1979 Core data* 1992 Core data 

"'•U 5.64E-5 7.467E-4 
"-'l'l.l'tupU l.027E-1 5.72E-2 
~'Am NR 1.30E-2 
137Cs 11.11 17.4 

~r 14.2 9.87 
•Not compensak.d for radioactive decay. 

6.3 INTERPRETATION OF TGA AND DSC RESULTS 

As discussed in Section 5.5, no DSC exothcrms were reported for any of cores 40 and 41 
segments. However, major endotherms were detected at approximately 100 "C and are 
attributed to free and hydrate water loss by forced evaporation from the sample. Other small 
endothenns were also noticed at higher temperatures (200 to 280 °C), and are attributed to 
bound water loss {possible from complexe.d alurninosilicates). These facts indicate that no 
excess activation energy is building within tank BX-107 residues (thus no potentially reactive 
components). 

6-8 
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6.4 METALS AND ELECTROLYTES PROFILE 

6.4.1 Interpretation of 1992 Data 

In interpreting metallic element and anion data, the focus will be on key ana.lytes, as well as 
analytes reported in major concentrations. 

In general, fusion digestion showed higher concentration values th.an acid digestion for all 
clements except for groups IA and IIA metals, like calcium and magnesium. Potassium was 
not reported for the fusion digestion because of method contamination. 

In this study, water extracted and fusion digested concentrations are compared for major 
analytes. ex.ce.pt for the elements mentioned in the previous paragraph (acid digestion values 
are used instead). Water extract results are labeled •water soluble," while fusion digestion 
concentrations are labeJed "total matrix concentration" or "totals." Anion concentrations 
were reported following a water extraction scheme, and thus are also labeled "water 
soluble." 

Table 6-11 is a bulk summary. Section 6.7 contains tabulated information relative to core 
level comparison. It is important to note that metallic ions were evaluated by ICP, and thus 
the total value! reported do not necessarily !epresent ionic bonds. The valence reported 
r:eprcsent the most thermodynamically stab e state. Figure 6--3 is a grap.i·"" I ·'ff.i •~~•erilation 
of this data. Note that total phosphates and su1fates were based on phosphorus and sulfur 
total matrix concentrations. Table 6-12 compares those concentrations on a mole/L basis. 
Metallic ions in that table are listed by descending clectropositivity (equivalent to corrosion 
potential). 

Soluble cations balance (based on normality) in Table 6-12 can range from activated metal 
ions (in oxide or salt form, like cesium salts) to ammonia. Insoluble anions, on the other 
hand, are mostly attributed to unaccounted for hydroxides. Thus tank BX-107 inorganic 
residues consist of a thermodynamic equilibrium state of salts and hydroxides.• 
Section 6.4.3 will further elaborate on this subject. 

Note that 1979 data reported water soluble mercury at 0.00925 molcs/L, thus much higher 
than the 1992 data reported by CVAA. 

*A charge balance was reported in the BX-107 cores 40 and 41 data package. ICP Acid 
results were used to evaluate cations and ion chromatography results to estimate anions in 
g/meq. Si~ - and TOC (as acetate) were used as contributors to the anionic charge. A copy 
is enclosed in Appendix A (see Table A-8}. 
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Table 6-11. Water Soluble and Total Contents Average 
and Range Summary in µ.g/g. (1992) 

Water Wat.er soluble Totals Totals analytical 
soluble analytical range range 

134 92 - 17S 14300 12950 - 15700 

434 134 - 733 1040 733 - 1344 

152 145 - 158 968 965 - 1032 

118 48 - 1B8 11100 9935 - 12200 

147 143 - 152 263 232 - 294 

68100 60000 - 70000 102000 98500 - 102500 

2'.\4 93 - 3.74 22300 21250 - 23350 

9.7 9 - 10 175 135 - 215 

4790 4700 - 4800 23480 22500 - 24450 

294 199 - 389 6783 6300- 7265 

2.46 1.6,.. 3.2 169 166 - 172 

4430 4200 - 4500 4440 4140- 4740 

. 2.49 1.3-3.7 136 128 - 144 

9190 8285 - 9890 NA NA 

1140 1170 - 1120 NA NA 

137000 129000 - 146000 NA NA 

8120 9420 - 12250 NA .NA 

14200 13800 - 14700 71955" NA 

13400 12650 - 14150 ~ 13400 NA 

1160 1150 - 1170 NA NA 

9.71 9.66 - 9.77 NA NA 

"Based on totaJ phosphorus, thus assuming that all phosphorus is present as 
phosphate. 

6-10 
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Table 6-12. Comparison of Water Soluble and Water Insoluble Ekctrolytes 
Concentrations in moles/liter. (1992 data) 

Electrolyte Watei,- soluble matrix Insoluble matrix 

K+ 0.00543 0.00')71 

eaT+ 0.01562 0.03744 

Na+ 4.26365 6.38(,()'J 

A1+3 0.00715 0.76267 

Fe+ 2 0.00303 0.28543 

er•' 0.00421 0.02681 

Bi+3 0.00161 0.15365 

Si-H 0.01512 0.34884 

p- 0.69651 NR 

Cl 0.04560 NR 

N~· 0.25419 NR 

N~- 3,18194 NR 

S0-4-01 0.25419 (- 2-5% of soluble value) 

c~-2 0.13918 NR 

P04•
3 0.21524 (ca.le.) 1. 09068 

TotaJ 9.04948 9.10131 

Total cations 4.31583 8.01063 

Total anions 4.73365 -1.09068 

Balanc.e, based on normality 0.13356 Cations 6.59525 Anions 
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6.4..2 . Comparison with 1979 Core Data 

Core data from 1979 for metallic elements and electrolytes was appropriately converted to 
µ.g/g. Table 6-13 reflects a comparative summary. Because of the unavailability of another 
analytical baseline data, we can postulate that data profile is similar in general. 

Al+l 

ea+2 

cr+3 

Fc•2 

K-+ 

Na,.. 

Bi+3 

Si+4 

F 

c1· 
N03• 

NOi· 

PO,.·3 

SO./ 
col-

Table 6-13. Comparison of 1979 and 1992 Data for Metallic 
Elements and Anions jn µgig. 

Analyte Average 1992 cores 1979 Core 

14300 14590 

3960 NR 

968 74 

11100 15719 

263 NR 

100000 114836 

22300 7614 

-6783 12,700 

9190 1954 

1140 NR 

137000 159783 

8120 NR 

71 ,955* 90861 

13400 9737 . 
1160 1029 

*Based on total phosphorus. 
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Table 6-14 compares 1979 and 1992 ratios for water insoluble (or totals) over water soluble 
concentrations for major select analytes. The following observations can be made: 

• Higher ratio of water insoluble bismuth in 1992 is most likely because of analytical 
error or sample variability. At this point, it is premature to make a scientific 
conclusion for lack of additional b~line data. 

• Water insoluble silica was hightt in 1992, which possibly indicates a shift in 
medium thermodynamic conditions or a kinetic equilibrium shift favoring the 
formation of a less soluble phase (such as the crystallization of fluoronlicic acid). 

Table 6-14. Water Insoluble to Water Soluble Ratios 
Comparison for 1979 and 1992 Data. 

Analyte 1979 Ratio 1992 Ratio 

Na+ 1.7 1.5 

Bi+1 47.35 95.3 

Si+4 7.0 23 

r l.15 NR 

so,·2 0.15 0.3 

PO43 · 4.8 4.98 

6.4.3 Inorganic Speclatlon 

It is beyond the scope qf the current version of the report to accurately speciate tank BX-107 
contents because of the scarcity of information available about chemical reactions under 
alkaline and high-ionic strength media in a radiation field. However , hermodynamic 
equilibrium data is an excellent tool for predicting potential e.quilibrium species. Gibbs and 
activation energy values, as well as reaction rate data, provide insights on the time dependent 
change of chemical species. At this point we will focus on thermodynamic factors related to 
the Gibbs and Helmholtz free energies, which are directly related to the reaction potential 
equilibrium and solubility constants of id~ solid and liquid solutions. Tables 6-15 and 6-16 
list those most major inorganic compounds expccterl to dominate tank BX-107 residues. 
Data presented were based on physical and chemical thermodynamic reasoning coupled with 
a serial stoichiometric molar balance derived from the 1992 analytical data. Figures 6-4 and 
6-5 reflect the data presented in those tables. 

It should be noted that the tank BX-107 wastes are not as simple as the above-postulated 
chemical formulas. Metal to metal bonds arc possibly very abundant; metaJ oxides are most 
likely chained to hydroxides and salts. 

6-14 
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Table 6-15. Postulated Major Equilibrium Water Soluble Compound Based on 1992 Data. 

Major potential 
Maximum 

concentration Other potential equilibrium species plus notes soluble compounds moles/L 

KO 0.00543 Other potassium salts and hydroxides 

CaCl2 0.01562 Other calcium salts 

NaN03 3.18194 Other sodium salts and hydroxides 

NaN02 0.25419 Oxidizing to nitrate 

[Si(OH)J·2 0.01512 Ammoniumsilioofluoride, sil.icat H;iSiF6.XH2O, 
aluminufluorosilcates, fluorophosphates 

FeS04.7H20 0.201 Other ferrous and ferric salts, oxides and 
hydroxides 

Cr2(CO3) 3 0.00421 Other chromium salts, oxides, and hydroxides 

-BiP04 0.00161 Other bismuth salts and hydroxides 

Na2SO, 0.19797 Other sodium salts and hydroxides 

Na2C~ 0.02324 Other sodium salts and hydroxides 

Na3PO4 0.128367 Other sodium phosphates, other sodium salts 
and hydroxides 

AIF3 0.00715 In equilibrium with other aluminum salts ~d 
oxides 

p- 0.58434 Unaccounted for 

Po,.- 0.085263 Unaccounted for 

6-15 
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Table 6-16. Postulatro Major F.quilibrium Compounds in Sludge Based on 1992 Data. 

Major potential Expected concentration 
Other potential equih'brium species plus notes . compound moles/L 

BiPO, 0.15364 Other metal phosphates, bismuth hydroxides 

FeO. x H20 0.28S43 Other iron salts and oxides, ferrous and ferric 
sulfates 

Ca(OHh 0.03744 Other calcium salts 

~PO, 0.00971 Other potassium salts, hydroxides 

CrPO, 0.02681 Other chromium salts, hydroxides 

Na~0,.12H20 0.46944 Other sodium salts, hydroxides 

NaNO3 5.91665 Other sodium salts and hydroxides, NaN~ 
ySiCJi.xHiO 0.34884 Silica, aluminofluoros.ilicates, H2SiF6.xH2O 

Al(OH)3 0.76267 Other aluminum salts, aluminum silicate 
hydrates. Again postulated based on process 
knowledge and most stable thermodynamic 
phase, because no hydroxide data is available 

NOTE: Appendix A contains a copy of material balance estimates based on the oxide 
model as reported in the tank BX-107 data package (see Table A-9). 

6.S CV ANIDE AND AMMONIA PROFILE 

Table 6-17 summarizes results reported for those key safety compounds. 

Cyanide is thus less than the postulated Hanford tank safety standard of 3 % (total by weight). 
Ammonia results were biased by method analytical procedure. 

6.6 ORGANIC CHARACTERESTICS 

Tables 6-18 and 6-19 summarize TOC, volatile, and semi-volatile organic average results. 

It should be noted that TOC accounts for water soluble hydrocarbons and othe.f organic 
molecules, such as hydrocarboxylic acids (like citric acid) and cbclates (like EDTA). 

&16 
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Table 6-17. Average CN and NH, Results in µg/g. (1992) 

Analyte Mean Analytical range Statistic.al range 

CN- 2.49 1.06 - 3.14 0 - 7.37 

NH3/Nff,_ <4.5E3 NIA NIA 

Table 6-1B. Average Total Organic Carbon. (1992) 

Total organic carbon (following water extraction) 6. 75E2 µ.gig 

Table 6-19. Average Volatile and Semi-volatile Organics in µg/g. (1992) 
Organic Volatile Semi-Volatile 

Decane 2.85 NIA 
Undecane 2.84 10.78 

Dodecane 3.09 595 
Tridccane 2.20 1675 
Tetrarlecane 6.23 1225 

Pentadecane N/A 42 
1:rihuty I phosphate NIA 17.6 
Totals 17.21 3565 

' NOTE: The presence of those compounds. except tributylphosphate, 1s attnbuted to NPH 
contamination. 

6. 7 WASTE SPATIAL MODEL 

6.7.1 Vertical Layering 

The following data are used to assess horizontal variability: 

· • Core 41. segments 2 and 6 homogenization test results 
• Core 40, segments 2, 4, and 6 physical lests 
• Water 9' data for all core segments 
• Particle size analysis dara 
• Sampling resistance and recovery data. 
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The average ICP analy1is (following acid extraction) results for segments 2 and 6 of core 40, 
and the average results for core 40 total concentrations are provided in Table 6-20. 

The ratio of segment 2 and segment 6 analytical results indicates that potassium and zinc 
concentrations are higher in segment 2 (48 to 97 cm [19 to 38 in.] from residues surface) 
than segment 6 (51 to 97 cm [20 to 38 in.] from the bottom of the tank). This is a possible 
indication that potassium and zinc (both processing high ioniz.ation potential) are not 
associated with a heavy anion (possibly chlorides or fluorides). 

In general, the data indicate a close resemblance between the two segments. Their profile 
matches closely with the core 41 composite profile. 

Physical tests (including TGA and water 9& data) can also be an indication of the spatial 
variability. They were presented in Tables 5-3 and S-9. However, because of the sampling 
and analytical time span, those results are slightly biased (especially because of water loss by 
evaporation and segment rerovery values). In general, they correlated well. It should be 
noted that the lower density number for segment 6 of core 41 i! because of the lower % 
solids in that sample. 

Table 5-4 presented particle size analysis data for cores 40 and 41 segments. The focus will 
be on number distribution at this point. Figure 6-6 is a plot of this data relative to cores 41. 
It shows that particle size distributions along riser 7 is consistently homogeneous. The same 
conclusion is reached by examining the number distribution data for core 40 and the particle 
size volume distribution for both cores 40 and 41. 

Segment reoovr-.ry and sampling resistance data is presented and assessed in Appendix A of 
this report (se.e Tables A-1 through A-5). However, it is mostly inconclusive at this point 
and is not an indication of possible vertical layering of tank BX-107 residues. In general, it 
can be postulated that material along riser 7 (core 40) is vertically consistent, while material 
along riser 3 (core 41) exhibited higher resistance to sample penetration approximately 50 in. 
from the waste surface. No penetration resistance data is available for core 41, segments 5, 
6, and 7. Thus., at this point. and with the amount of data on hand, one can postulate that 
tank BX· 107 residues are consistently layered. 

6-20 
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Table 6-20. Core 41 Segments 2 and 6 and Composite Analytical 
Average Comparison in µ.gig. 

Element Segment 2 Segment 6 Ratio Core 41 
seg. 2/seg. 6 composites 

Al 16250 17000 0.96 12950 
Sb 35.25 34.3 1.03 183 
As 6.51 2.985 2.18 14.95 

Ba 8.965 8.51 1.05 11.2 

Be 0.289 0.2885 1 0.28 

Cd 3.785 2.375 1.59 1.9 

Ca 368.5 281.5 1.30 1344 

Cr 1205 1025 1.18 90S 

Co 1.39 l.47 0.95 2 
Cu 22.15 18.3 1.21 69.45 

Fe 17250 12100 1.42 9935 

Pb 95.7 65.5 1.46 5S.1 
Mg 161.S 73.55 2.20 160 

Mn 49.55 40.05 1.23 58.6 
Ni 16.4 12.45 1.32 10.65 

K 563 102.85 5.47 232 
Ag 1.022 0.9625 0.9 0.9 

Na 97100 99050 0.98 102500 
V 5.5 NR NIA NR 

Zn 121 43.95 2.75 61.7 

Bi 31150 27950 I. I I 21250 

B 28.7 25.95 1.1 56.05 
Ce 259.5 191 1.36 135 

La 1.54 2.02 0.76 1.5 
p 26600 25400 1.05 22500 

Si 2240 1490 1.50 6300 
Sr 219 172.5 1.27 166 

s 4310 4020 1.07 4740 

Sn 9.95 8.51 1. )7 5 

Ti 5.755 4.205 1.37 3.3 
Zr 145.5 93.9 1.55 128 

6-2] 



9713535~16~3 
W

H
C

-SD
-W

M
-E

R
-539 R

ev 0 

F
igure 6-6. 

P
article Size N

um
ber D

istribution C
ore 41. 

J 
o

,m
 

I 

~
 

... 

6-22 



9713535 .. 163~1 
\VHC-SD-WM-ER-539 Rev 0 

6.7.2 Horizontal Layering 

Because a discussion on horizontal layering can be misleading, assessing the horiwntal 
variability between the material along risers 7 and 3 is the focus of this assessmenL 

As shown in the previous section. segment level data from both risers showed matching 
results, and pointed to the presence of mostly homogeneous material (on a macro-molecular 
scale). 

The following analytical data is evaluated: 

• Radiochemical analysis results 
• Metallic clements and electrolytes results 

Tables 6-21 and 6-22 summarize average radiochemical, metals, and electrolytes analysis 
results respectively for cores 40 and 41. 

Table 6-21. Core 40 and 41 Average Radionuclides Results in µCi/g. 

Radionuclide Core 40 Core 41 Ratio ( core 40/ 4 l) 
AT 0.06955 0.1445 2.07 

TB 43.05 50.45 1.17 
ll7Cs 12.35 22.45 l.82 
~r 9.11 10.625 1.17 

:l''Am 0.0121 0.0139 1.15 
2l91:z.40J>u 0.0618 0.05255 0.85 

~c 0.03355 0.0403 1.20 

Thus, based on the data presented in the two previous subsections, we can conclude that tank 
BX-107 residue constituent are evenly distributed vertically along risers 3 and 7, and 
horizontally between those two risers .• No evidence of layering was found. 
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Table 6-22. Cores 40 and 41 Average Inorganic Profile in µg/g. 
Electrolyte Core 40 Core 41 Ratio ( core 41/ 40) 

Al 12950 15700 1.21 

Sb 183• tn• I 

AIi 15 14,9S I 

Ba 7.07 11.2 1.58 

Ca 1344 733 o.ss 
Cr 905 1032 1.14 

Cu 69.4S 33.85 o.o 
F~ 9935 12200 1.23 

Pb 55 .l 93.9 1.7 

Mg 160 124 0.78 

Mn 58.6 70.5 1.2 

Ni 10.65 ll.8 1.3 

K 232 294 1.27 

Se 41.4S 37.1S 0.9 

Na. 102500 98500 0.96 

ZD 61.7 105 l,7 

Bi 21250 23350 1.1 

B 56.0S 38.05 0.68 

Cc 135 215 1.59 

p moo 24450 1.09 

Si . 6300 7265 I.IS 

Sr ]66 172. 1.04 

s 4740 4140 0.87 

Zr 128 144 1.13 

Hg 0.493 0.6-4 1.30 

F· 8285 9890 1.19 

er 1170 J 120 0 .96 

NO, 146000 129000 0.88 

NOi 9420 12250 1.3 

PO/ 14700 13800 0.94 

so.- 141S0 141!50 0.89 

co,-z llSO ll50 1.02 

pH 9.66 9.77 1.0] 

*Matrix interference. 

NOTE: Metal results were from totaJ fusion results while anions 
came from IC analysis results. 
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6.8 TWRS PROGRAM ELEMENTS ·INFORMATION 

1WRS elements (i.e.. Tank Safety Screening, Waste Tank Operations and Maintenance, the 
Hanford W~ Vitrification Plant (HWVP) Program, the Retrieval Program, Waste Tank 
Safety, and the Pretreatment Program) need various waste characterization infonnation. This 
section addresses the specific needs of those elements as they relate to tank BX-107. 

6.8.1 Tank Safety Sci:-eening 

The safety screening element is aimed at rapid classification of the Hanford Site high-level 
waste tanks into safety categories (Wat.ch List and non Watch List) base.d on ferrocyanide, 
flammable gas, organics, and radionuclides (criticality issues) contents. Table 6-23 presents 
the tank safety screening summary, which shows that no tank safety screening criteria was 
exceeded. 

Table 6-23. Tank Safety Screening Summary. 

Primary decision Primary decision criterion 1992 Core data results 
variable (Babad 1993) 

Energetics _s. 125 cal/g No cxotherrns 

Total organic carbon < 3% dry basi_s 0.11 - 0.18% dry basis 

Water% 17 wt% 56 wt% 

Gas composition 25 % LFL for all flammable gases Not detennined 

Total alpha (criticality) < 1 g/L • 0.003 g/L 

6.8.2 Waste Tank Operations and Maint~nance 

:Many of the safety issues are of concern to the Waste Tank Operations and Maintenance 
clement of 1WRS. While temperature and waste level are continuously monitored, vapor 
pressure is maintained at atmospheric. Table 6-23 contains some of the analytes of interest 
to this 1WRS element. The concentration of other parameters of intercstt such as pH, 
temperature. pressure, and corrosion electrolytes, can be found in Table 5-15. 
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6.8.3 HWVP Prouam 

The current waste disposal plan focuses on the transformation of a pretreated, volume­
reduced, tank waste into high- and low-level glass capsules suitable for disposal into a 
geologic repository. Thus, current and future characterization efforts are essential to the 
sucCC!S of this program. The concentration and ranges of key ana1ytcs, such as phosphates, 
fluoride, chloride, TOC, mercury, le.ad, chromium, and radionuclides can be found in 
Tables 5-15, 6-8, and 6-11. 

6.8.4 Retrieval Program 

In its current technology development efforts, the Retrieval Program also needs a multitude 
of tank characterization data. Historically, physical data has been used the most in 
developing design specifications for waste retrieval equipment and waste simulation 
experiments. Again, Table 5-15 (1992 core data) contains information in this regard. 
Detailed information relative to physical data can also be found in Sections 5.3 and 6.1. 

6.8.S Waste Tank Safety Program 

The majority of the Waste Tank Safety Program characteri:zation needs arc the major driver 
in the characteri:zation effort. Volatile, sem1-volatile, and plutonium and uranium isotopic 
profiles are of interest. Analytical. data from 1992 indicates that no major volatile 
compounds were found. Tributylphosphate concentration averaged approximately 18 µ.gig. 
Plutonium and uranium isotopic analysis arc reponed in Tables 5-5 and 6-9. Table 5-1S 
(1992 core data) contains inventory data. 

6.8.6 Pretreatment Program 

The average characteristics of the tank wastes are a key decision factor for prctrcating tank 
wastes. Table 5-15, 1992 analysis and inventory data serves as excellent references in this 
area. 
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7.0 CONCLUSION AND RECOMMENDATIONS 

No safety issues were revealed in the 1992 core data. The waste in tank BX-107 will 
continue to be appropriately managed through interim mitigation mtZures and continuous 
monitoring of tmk temperature and waste level. In the future, the waste will be retrieved 
and appropriate pretreatment technologies, mostly involving waste volume reduction, will be 
applied. Pretreatment residues will then be vitrified into low- and high-level fractions and 
disposed of in a geologic repository. 

Future characterir.ation efforts should center around analytical spcciation of the waste to 
develop a better understanding of the waste matrix. 
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A.1 Hydraulic Ram Pressure Data 

As mentioned in the previous section, the drill string is powered by a hydraulic system. 
A major component of that system is a hydraulic vane pump whose function is to compensate 
for back-pressure surges during sampling operations. The response factor will not be 
discussed in this report. Due to the nature of the material being sampled, the hydraulic ram 
pressure will vary due to penetration opposite resistant a:s well as internal and external 
friction forces. If the hydraulic ram pressure remains {near) constant during the sampling 
operation. it is an indication that projected material resistances are being encountered. If, on 
the other hand. the ram pressure increase.,, it is an indication that the material has less 
resistance to penetration than projected, because the hydraulic vane pump output remains 
constant. If the ram pressure decreases. it is a result of additional resistances to penetration. 
The vane pump wiU usually try to counteract those resistances by increasing its pumping 
capacity. thus hydraulic pressure, to within its maximum design or preset limitations. In 
summatiQn, it can be mathematically stated that hydraulic ram pressure equals Function I 
{Pump Capacity}/Function 2 {Penetration Resistances}. Thus, the hydraulic ram pressure is 
proportional to pump capacity. and inversely proportional to penetration resistances related to 
material physical properties and friction forces. 

The hydraulic ram will cease operation as programmed or set if pressure, referring to the 
bottom ram hydraulic oil pressure, exceeds 70,310 kgs/m2 (100 lb/in2 [psi]). 

A strip chart records the hydraulic ram pressure during sampling. Tables A-1 and A-2 
compiled calculated data based on those strip chart readings. No definitive conclusions in 
regards to the relations between the hydraulic ram pressure and the hardness or the layering 
of the material in the tank will be made at this point. As additional tank push-mode 
sampling data is analyzed or becomes available, a formula containing all the major factors 
influencing the sampling performance could be developed. 

Penetration velocity was calculated by dividing the penetration depth per segment length. 
namely 0.4826 m (19 in.), by the sampling time in seconds. The resistant force data source 
is a formula that correlates the hydraulic ram pressure reading to the ram down force, herein 
called resistant force. Tables A-3, A-4, and A-5 present a tabulated copy of those values. 
In general, cores 40 and 41 strip chart fingerprints had a Oto 3 degrees negative slope as 
sampling time progressed, ending with a slight pressure surge as the sample valve was shut. 
An approximate average number was selected from each of the records available {error is 
estimated around 5%), and the corresponding calculated resistance force was presented. 
Core 41, segments 5. 6, and 7 charts were not found. Sampling velocity figures for the first 
segments also carry some error because the segment length was less than 48 cm (19 in.). 
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Figures A-1 and A-2 arc plots of the resistant force versus sampler velocity for cores 40 and 
41, respectively. For segment 7 of core 40 and core 41, a time-weighed resistant force 
average -was calculated as follows. 

11me-welghed resistant force • 

n 
1(Total segment sampHng dme• E time * resistant force 

1 

where n is the number of different events directly related to the change in pressure reading 
during segment sampling. Numerical analysis techniques could be applied to find the 
optimum penetration velocity, (e.g., for a specific waste stream or layer). However, this is 
beyond the scope of this report. 

Table A-1. Core 40 Sampling Data (1992). 

Segment number 1 2 3 4 5 6 7 

Samplini date 13 13 14 14 14 18 18 May 1992 

Sampling time (sec) 90 83 _75 45 74 78 105 

Penetration 
0.211 0.229 0.253 0.422 0.257 0.244 0.181 velocity (in.f sec) 

Sample recovery % 0 100 0 100 100 100 66 

Resistant force (PSI) 852 997 997 1141 997 1141 o for SO sec. 
275 for SS see. 

Table A-2. Core 41 Samplin2 Data (1992). 

Segment number 1 2 3 4 

Sampling date 28 29 29 June 3 May 1992 

Sampling time (seconds) 52 55 55 60 

Penetration velocity (in.lsec) 0.365 0.345 0.345 0.317 

Sample recovery 0 100 50 0 

420 10 sec 852 18 sec 852 5 sec 
1285 30 sec S64 5 sec Resistant force (PSI) 997 12 sec 1285 37 sec >4027 1 sec 1141 SS sec 

1141 30 sec 
3450 10 sec 
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Table A-3. Core Sampling Truck Downward Force 

Strip Chart Reading Bottom Ram Pressure (psi) Ram Down Force (psi) 

0 0 4027 

0.25 7.5 3883 

0.5 15 3738 

0.75 22.5 3594 

1 30 3450 
1.25 37.5 3306 

1.5 45 3161 

1.75 52.5 3017 

2 60 2873 

2.25 67.5 2728 

2.5 75 2584 

2.75 82.5 2440 

3 90 2295 

3.25 97.5 2151 
-

3.5 105 · 2007 

3.75 I 12.5 1863 

4 120 1718 

4.25 127.5 1574 

4.5 135 1430 

4.75 142.5 1285 

5 150 1141 

5.25 157.5 99? 

5.5 165 852 

5.75 172.5 708 

6 180 564 - I 
6.25 187.5 420 

6.5 195 275 

6.75 202.5 131 

7 210 -l3 
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Table A-4. BX-107 Core 40 Time-Weighed Resistance Force (cont'd). 

Velocity Inches/Second Resistance (psi) Events Seconds TWRF (psi) 

0.211 852 852 

0 .229 997 997 

0.253 997 997 

0.422 1141 1141 

0.257 997 997 

0.244 1141 1141 

0.181 275 55 144 

Table A-5. BX-107 Core 41 Time-Weighed Resistance Force. 

Velocity Resistance Events TWRF 
(inches/seconds) (psi) (seconds) (psi) 

420 10 

0.365 997 12 9(1) 

1141 30 

852 18 
0.345 l143 

1285 37 

852 5 

1285 30 
0.345 1479 

4027 l 

3450 10 

564 5 
0.317 1093 

1141 55 
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Figure A-3. Settling Rate Curves: Core 40, Segment 2. 
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Figure A-4. Settling Rate Curves: Core 40, Segment 4. 
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Figure A-5. Settling Rate Curves: Core 40, Segment 6. 
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Ta.hie A-6. Composite Level Radiochemical Analysis Results. 

lwiio-chamical Core 40 ec,. 40 Core 41 Coo: 41 
compolite 1 compoaitc 2 eomposito l compoaite 2 

~'U l'V& 1.S6Bl - 2.07El l.86E3 - 2.18El 2.82E3 2.29E4 - 2.5254• 

n"':4Dpu µ.C"il& 3.49E-2 • 5.32.E-2 7,57B-2 - 8.34E-02 S.49E-2 - 5.64E-2 4.49E-2 • 5.41E--l 

AT l'Cil& 7.89:E-2 - 9.47E-2 7.l?E-2 - 7.28E.-2 l.13E-l - 1.23&1 1.lSE-1 - 1.0lE-1 

TB l'Cilc S.02E+ l - 5.0JE+ l 3.28E+l -3.88E+l S.23E+ l - S.24E+l 4.SBE+ 1 - S.12E+l 

IJlC. ,.J.Cif& l.34E+ l - I.JSE+ 1 1.09E+ 1 • 1.16E+ l 2E+1-2.04E+l 2.43E+l - 2.51B+1 

'°Sr µCi/g 9.76 - 10.2 7.71 • S.97 JU -12 8.74-9.96 

:MlAm p,Ci/J !.OSE-3 - J .23E-2 1.JBE-2 - 1.-41.E-2 l..28E-2 - 1.626-2 1.l lE-2 - l.J4B-2 

"Tc 11Cilg 3.56E-2 - 4.06E-2 2...SJE-2 - 2...96E--2 4..23E-2 - 4.92E-2 ~.24E-2 • 3.74E-2 

'H l'Cil& 3.89E-4 • 4.02E-4 4.&3E-4 - 7.79E-4 3.66E-4 • 4.2E-4 6.97E-4 - LOSE-J 

"C µCi/g 1.33E-2 - 3.06E-4 I .82E-4 - 4.21E-4 2.89E-4 - 3.49E-4 2.248-4 • 2.99E-4 

*P0811ibly attributed to reportini error. 
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Table A-7. Cores 40 and 41 (1992) Analytical Data Summary. (4 pages) 
Con 40 40 41 Cl 

Amlytic:•1 Analytical Malytil:al Aialytical 
~oait:e l 2 l l Siand.ud Data Data Oinwati~ 6ttlmstz:d 

Devi.ticm Miniffllllll M'IIXilllllra Avua,e Invcllloc7 
Avcra,e .Awirar A.,,... Avel'II .. 

ldel&lli; Elemcnlll 

Units ~,, ~- tzalJ fl&/J ~,. ~. ,cl~ "''' Ka• 

JCP.f.lk!> I.SO !..SO 1.49 1..$0 0 .00 1.49 1.50 1.50 l.11 

ICP.a.Be O.lS 0.29 0.29 o.a 0.01 0.:27 O.l 0.21 

ICP.w..Be 0.31 O.JI O.l 0.30 0.00 0.30 . O.ll 0.31 

ICP.f.Bll 11.37 II.II 6.Ci.S 16.17 .S.ll 4.91 20.63 IS.00 

JCP.a.B 49.1S ISl.30 so.so 2.S .3S 1-4.44 :Z.1.20 61.$0 47 ,(lj 111.47 

ICP.w.B Z7.S6 217.C 2.0.70 22.M 3.JI lO.SO 28.94 lS.04 

ICP.f'.Na23 103947 l006~ 10192-4 95021 3556 94412 106007 100391 

JCP.&.N1 100150 10:~ 103.\00 100000 1m 9!500 10o1000 101563 190917 

ICP.w.N1 53291 66'-9! 10]()0 11999 moo 1626-4 II llS 68096 

JCP.f M1124 Ill 119 Tll IJI 115.70 JS .64 SS.S4 131.S.S 111.!>S 

ICP.a.M,r 169.S0 149_~ 1119 126 31 .69 125 216 158 .50 291 .04 

ICP,.,...Ma 16.50 34 40 !UI l! .41 12.67 6.43 "'4.lS 16.46 

ICP.f.AJ27 13BSS I 1~119 17251 1-4061 1991 1117& 17294 14293 16175 

JCP.1.Al 1 IS.SO 12350 16200 16550 2162 11400 16600 14238 

ICP.,...Al J{lj .:29 &O.JI 71.60 279,40 91.99 69.90 350 l~.17 

JCP.C.si28 6600 6001 7986 65J.S 791.76 5635 7993 67&0 12750 

ICP.a .SI ms 1120 1745 um 131.31 1410 tl60 1664 

JCP.w.Si 414 36'1 .34 116 26l 119.&9 133 523 lQ-4 

JCP.r.PJI l416S 2ITT59 273S9 11450 ll04 19390 2.1831 l:14~ 44066 

ICP.1.P 197SO 213.50 23950 27200 2160 19500 27SOO 23063 

ICP.w.P 4752 SOOI 4605 4112 )!,)J,03 4S60 52.58 4793 

JCP.f.S32 -4832 4647 4148 4131 314.SS 4033 4869 4439 1341 

ICP.a.S -4760 SOOS 4-475 '4030 364.75 4030 S070 4561 

ICP.w.s 4556 4631 4395 4152 117.51 4UO 46&7 4433 

JCP.a.X 264.SO l!lll 306 282 40.)4 199 JlJ.00 261.U 494.Jl 

ICP.w.K 167.09 137.Zl 156 129.51 15 .46 127 170.17 147.45 

JCP.f.Ca40 360.ll 306.39 ~3.74 S49.32 93.19 303 578.37 396.14 

ICP.1 .Ca 21~ S.CHO 1161 '.?96 10S7.05 186 l~OO 1039 1953 

ICP ... . C:a 7!\l.111 713.66 147,:\0 120.98 373.9& I0B0 I 133 433 . .sa 

IC1'. r. ™' 3.2S S.&O 7.27 9.~ 2.52 2.00 11.21 6.34 11.93 

ICP.1.TI 3.11 HO 4.S 4.07 0 . .56 3.11 4.94 3.&6 

ICP.w.Ti 0.41 0.'1 0.51 0.41 0 .04 0.4'1 0.51 0.43 

JCP.f.VSI 11.30 7..11 10.45 0.00 7.06 0.00 23~9 9.14 17.19 

JCP.a.V 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

JCP.1'.V 0.12 o.n 0.00 0.00 0.41 0.00 O.ll 0.41 
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Table A-7. Cores 40 and 41 (1992) Analytical Data Summary. {4 pages) 
Cm .a .a ,4( 41 

Analyt~l Analytical AM!fo:al AD&lyticat 
Compo1ila I 2 I l $1amlud Data Data Cllmu.l&li,.. &timaiod 

Devi11ioo Minimum Maxiawnt Ann,, Invemory 
Avera,c Aw1:11p Avcra,c Av~ 

Mctallie Elementa 

Unit& 14!1 14(1 "''' PS,fl µits 1J6IJ ,,,1, WI Ki• 

JCP.f.C6l 97:2. lfi 138.14 10&0 983.0l 91.0S 7K7.l9 lC)IJ 961 1!21 

ICP.a.Cr 154..S0 177 1070 1030 95.l.S 120.00 1070 9511 

lCP,w.er U7."'3 13'.l.()4 1S6 l.S9.42 12.30 131.JS 171.23 ISl.47 

ICP.f.Mn5!1 fil.7S 5438 73.4-4 67.63 I.S2 49 .16 8J.63 64.S6 lll.39 

ICP.a.Mn 3SAO 33.3.S 47.20 43.10 5.79 33.00 4&.l() 39.76 

ICP.w.Mn 1.0& l.lS 0.31 1.30 a.SJ 0.31 l.72 0.911 

ICP.f.F&56 11010 iS69 13281 11093 l619 8348 1336] 11053 2080:3 

ICP .. . F.: 9450 942.5 12850 12300 159i 9040 moo 11006 

lCP.w.Fe ~ -72 41.9K Sl.3S 318.21 126.77 41.24 422.lCl I ll.32 

lCl' .r .Ni.S9 nol 1989 ID6 10657 3932 1417 l3676 sm 
JCP.a.Ni 10.95 10.37 13.9S 13 .60 1.64 9,93 14.30 12.2:1 22.97 

JCP,'11',Ni 1.43 1.c l.B4 1.42 0.18 1.,2 1.1, 1.53 

ICP.f.C.oS§I "'-~ 5.00 4.91 12.78 3.71 4.98 15.ll 6.9-4 13.04 

ICP.a.Co 2.08 1.70 2.32 0.95 O.S4 0.91 2.5S 1.76 

ICP.w.Co 1.02 l.Ol 1.22 ! .09 0 .09 1.02 1.12 1.09 

ICP.f.CU64 67.29 71.62 26.47 •U.20 19.M 2..5.1& 73.61 Sl.65 97.11 

ICP.a.Cu 61.75 72.S5 11.7.S 16.95 2.s.1s 16.70 72.70 42.7S 

ICP.w.Cu 0.73 0.71 0.61 0Jl7 0.14 0.61 1.07 0.7.S 

JCP.f.z.65 7S .31 411 . 12 Rl.15 121.73 21.n 44.92 132.TI 13.33 155.69 

ICP.1 .7.n S6.IO JS .SD Bl.OS 65.~ 19.23 31.30 SS .00 S9.54 

ICP.w.Zn 2S.64 23 .32 2.55 3.1::Z 14.49 1..54 43.JJ 14 .l& 

ICP.f'.A17S 14.97 )4.99 1".9-4 14.99 0.02 104 JS.00 14.97 

ICP.a.Aa 2.10 2.'6 3 .03 2.77 0.12 1.74 . :u 2.ll'i 

ICP.w.A, 3.06 3.06 3 .16 3.05 0.0.S 3 .05 3 .16 3.08 

KYM .As 0 .43 0.39 0.36 05,4 0.07 0.32 0.55 0.43 .Bl 

1CP.(.St79 41.42 41.46 41.lJ 330.25 125.2& 41.33 344.73 l 13.l'il 

JCP.a.S.: 3l2JO 295.SO 369 7.67 140.56 7.59 3n.oo 246.17 

ICP.w.Sc 1.46 11 .46 13.35 61.n l.~ ... ~ R.4S 74.41 24.62 

HYAA.SC. I.SO 1.9l 2.0l O.ISS O.!I~ 0.60 1.07 l.Sl 2.16 

ICP.f.Sr8!1 170.72 1611 .O!I IJ7.76 JSS .31 14.25 )44.20 187.94 168.46 316.77 

ICP.• ..SC 1>4 157.50 us 170.00 ll.10 147.00 185 l66.63 

JCP.w.Sr 1.70 1.615 1.46 .5.00 1.66 1.41 6.SO 2.46 

JCP.f.Zt9I 189.17 66.17 120.95 l6S .97 S6.2! 53.36 196.91 13S.S7 2..502 

JCP.1.Zt 9-4.60 92.1, 17.9.5 ll0.00 12 • .57 77.20 115 96 .18 

ICP.w.Zt 1..54 I.II 1.21 6.09 2.27 0.11 7:&S 2.49 
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Table A-7. Cores 40 and 41 (1992) Analytical Data Summary. (4 pages) 
Core 40 40 41 ,1 

AM!ytieal Aul)'lical Analytical AnllyticLI 
~lta L 2 1 2 Studanl Data Data Cumulative Ellimatcd 

I>wiatiot1 Mlllimum M11tim= A-..nre 
lnvan1ory 

A\'fflfC A'fflll' Av•raa• Anrap 

MeulJic 1ilcmcist1 

Unita ,,,,, ,.,,,, ~,, j,11/J 1411 fAI/J "''' r4Jl1 Kl• 

JCP .f .Ail 01 ,.99 7-01 6.29 S.46 1.27 4.91 1.48 5.94 11.17 

ICP.a.JI.& 0.9] 0.95 O.P6 0.92 0.02 0.9) 0.97 0.9" 

JCP.w,A& 1.02 i.m 1.02 I .Cl 0.00 J.02 1.02 1.01 

ICP.l.O1112 3.61 3.51 4.35 .5.l6 0.16 3.49 6.11 4.20 7.90 

ICP.a.C4 1.16 1.93 2.74 l.56 o.,o 1.67 2.77 2.27 

ICP.w.C4 0.71 0.71 0.71 0.71 0.00 0,71 0.11 0.71 

ICP.f'-Snll9 11,48 11,49 11,-45 11.49 0.02 11.45 11.50 11,48 21.SS 

ICP.a.511 3.29 6.29 7,111 ll.20 3.63 2.17 11.?0 6.!XI 

ICP,w.S11 2.34 2.34 1.6l 2.34 0.31 1.63 2~S l.16 

ICP.Ubln lll.63 181.!:2 181.27 182.Sl 0.26 ]12.27 113 lll.64 343.42 

JCP.1.sb 34.lS 3-U5 35.]5 33.10 0.71 33.50 33.60 34.49 

ICP.w.Sb 37.30 37.30 36.25 37.20 0.51 36 .2.5 37.20 37.01 

lCP.I.Bal37 6.,07 1.07 II.Bl 10.56 2.4'2 4. 17 ll.00 9.13 l7.l7 

ICP.e~ ,.1s 6.31 10.30 11.ll 1.69 6.'22 JO.SO 1.18 

ICP.w.Ba 0.31 O.S3 0.3) o.ss 0.14 0.31 0,67 0.44 

lCPLl.1139 7.PI 7.99 7.97 7.99 0.01 7.97 S.00 HI JS.OJ 

lCP.1.La 1.49 J.53 1.54 1.48 0.03 1.46 J.'.'>15 UI 

JCP,w,La 1.63 1.63 2.14 1.63 o.n l.63 2.14 1.76 

JCP,f.Ctl40 92.10 177.56 101 118.IJ 60.&S . 41.90 252.00 174..!7 )ll.83 

JCP.a.C~ 1.S0.50 169 191 203 20.30 147.00 205 .00 171.31 

JCP:w.Ce 9,99 9.99 1.76 9.P6 0.Sl 1.75 10.00 Q.67 

CV.H&201 0 .61 0.37 0.6] 0.6,4 0.12. 0.31 o.n 0.56 1.06 

IC'P .f .Pb207 44.96 6S.19 99..S.S U.:23 ~ .52 35.43 12.3.3<1 7<1.•I 140.05 

ICP.a.Pb 5-4.l.5 .S0.50 77. 10 69.30 11.09 46.10 77.50 62,79 

ICP.w.Pb 7.23 7 .23 8.66 1.n 0.60 7.2J U,7 7,n. 

ICP .f.Bil09 211611 20SZ7 21075 \U89 3611 11296 2a1!i9 22no 41!9-4 

ICP.a.BI 21100 21100 27150 26'!00 2Sl2 20SOO 27300 2•163 

ICP.w.Bl 106.37 I0.2• l 13.SO 634,73 '233.32 78.3<1 831 .66 2'.14 

Spec.f.U'231111'• 1115 lOlO mo 1405 4)6.jJ l.s60 2.820 226S 4170 k,p 
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Table A•7. Cores 40 and 41 (1992) Analytical Data Summary. (4 pages) 
(;Oft '° ,4() 41 ,(1 

Anal~ Analytloal Aalytic;al Am.l}'ti:11 
C~IC 1 2 1 l lllra~rd 011:1 D&t& Cu.nllll&!lw 

Eatin:qd 

A.venp Dmatim Wlnlnw111 Maxifflllm Avera,e bwntacy 
Averti6 A.-ven,c Avsnr 

Radjomiclide, 

Unitl ,,r::u, }'Cil1 "Ci/' ,,Ci/1 ,.cu, /&iii jlL'\IJ pCV1 KC! 

R.AD.f.TA 8.68..-02 7.23c-01 1.1&.-01 1.0So-01 l .&!lc-01 7 .17~ 1..23Hll 9..63.-0l 1.111..01 

... Am 1.02e-01 1.40e-Ol 1.4»-02 1 ,jla,-02 2.16o-03 B.OSc-03 l.62~ 1..309-01 :u,w-02 
~ 4 .41e-02 ?.96...ol 5.57..ol •4.95.-02 1.46e-Ol 3.49c-Ol l.3~-02 5.~ l.08c,,OI 

""U 9.326-06 S.17e-06 0.00 0.00 3.92.--06 0.00 9.3~-0li 3.6Se-06 6.16• -06 

RAD .f. TB .S.03e+Ol 3.5k+Ol S.2-'a+ol ,usc+o1 6.76c+OO 3.ll•+0I .5.l4c+0I 4.67,+01 8.791+01 

OEA.C'a-137 I ..l-Cc+0I 1.13-+01 2.02cTOI 2..(7c+0I 5.36c+OO 1.09e+Ol l.51e+OI l.74c+0I 3.l7e+Ol 

"Tc J.116-02 2 .90c-02 ~.58e-02 3.~c-02 6 .55• -03 l.~ 4.92a-O'l 3.69..o2 6.9-4o-02 

"'Sr 9.98c+OO 1.25c+OO l.19• +01 9.3.Sc+OO 1.39c+OO 7.7la+OO 1.20c+OI Sl.l?c+OO 1.16e+Ol 

"C 1.201-04 3 .02'>04 3.19e-04 0.00 l.48c-04 0 .00 4.21e-04 2.10.-04 3.95..0C 

'ff 3.%11-04 6.3 le-04 3.93c-04 1.19e-04 2.n.-04 3.66c-04 l.08.t..(t3 ,.nc-04 l.oa.-03 

A,iio111 

Unit& ~la ~I 11,1/1 ~. ,.,1, 141/1 ,iz/lJ µr./J IJl/1 

)C.w.F- 19 1510 S•IS UIO lOOSO 105.S 8110 11000 9189 17171 

1c .... a." llSS ]175 1040 1175 61.43 1020 1210 1136 1137 

lC.w.N02- 46 9685 91.SS 12450 1195 4191 1110 12500 1121 1517( 

Spcc.w.NO2· 13150 10300 132.SO 124SO 12Al 10000 13900 IZ.211 

IC .w .NOJ• 62 (41000 149SOO 126000 119500 9g34 123000 153000 ]36750 257143 

nc.w. 1150 1148 11445 1100 242.96 699 1596 1161 2112 

IC.w.P04- 95 14400 1495-0 (W)(J 14200 S65.SS ]3400 15100 14231 u,m 
lC .w .S04- 96 140SO 141~ 13000 12250 792.0S 12200 14200 !3363 2SJ27 

TOC .w 700.00 0.29 0.0 896SO 408 .16 0.00 997.00 399..20 750.65 

NH4+.w 17 0 .00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Dir.CN- 26 3.11 1.0 2.99 2.4J 0 .72 1.06 3.1'4 2.49 •.68 

pH 9.63 9.U 9.11 9.72 0.11 9.51 9.95 9.11 

Ptiyaic:al Propertlu 

Dir,TOA('5) S6.45 63 .SO 64.0~ 52-~ 5.o7 S0.70 66.30 59.13 

Dir.SW.ta- 57.75 57.10 S6.10 s,.9~ 0.76 55.90 .s,.oo S6.73 
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Table A-8. BX-107 Charge Balance. 
~ Oul11>o11 cnUiar,.iY..,. lllilloquivwnl, ~ ~-~ S1a1t u...i ror Oitidolioa mcotWt. Core 40 C<n40 c-41 Ccn.Cl 

Aaal}1c Wcii'bl PrcpT~ c.i.·, N~ (almeq) CCIIIIJI l Camp:Z C-.,l Camp2 

Al 26.91 ?CPA4'id Al+.S 3 0.00IY9 1.ll3 l.361 1.101 1.1,46 

s• lll,75 ICPA.ciil $k>+l .s 0.0205 ,.. '4.92 M Aa-+3 5 0.01491 
1111 IS7.34 lCP-'lcid B1-t2 2 0.06&61 
fie 9,0l JCP h::id Jle.+2 2 0.~l 

QI 111., lCPMra Ca-+l 2 0.05620 

Ca 40.01 1CP1'<:id u+2 l 0 .(12004 0.107 0.0SI 

Cr Sl ICPAdd Cr+) J 0.01733 0 .0f9 D.051 0.062 0.059 
C. S&.Pl lCP ,\c;id Co+l 2 (l..1121146 

Qi M.!IS ICPM.t Cw+2 2 0.();171 

l'c .SU5 lCP Acid Fa+) j 0.01 ll6l o.sos 0.501 0 ,693 0.661 
p., ZD7.:I. lCP ..._.,id f"ls+l 2 O. IDJ60 

WI 24.31 ICP Ac:it NJ+2 2 0.01214 

Ma .s4.!14 ICPAcid Ma+I 4 D.Oll'3 

Ni 51 .71 ICPAci& r,;+ 2 2 0,0'2936 

1' 39.1 lCPAcW 1'+ 1 0.(13910 

k 71.116 M Sc+4 6 O.OU16 

A.J 107.17 ICPAcid Ai+ J 0 .107&7 

Na 22.9!1 ICPAcid Na+ I 0.0U\I~ 4 • .SSO 4,417 4.410 oso 
Za 65.37 IC:l'A~ ZA+l 2 0.03:ZM 

Bi 201.91 ICl'A<:il Bi+l l 0.06966 0.JtK OJl7 0.319 0.376 

B 10.11 ICP Acid 8+3 J 0.00360 

C. 140. 12 ICPhid Ce+J 3 0.°"671 

lA 131.91 JCp;..w IA+3 3 o.046,o 
Sr 17. 62 )CJ> Acid $r+2 2 . 0.04311 

s.. 111 .l!ll >CP Acid Sn+4 4 0.02961 

n ,-,,9 ICPAci:S Ti-U ,I 0 .01198 

z, 91 ,22 JCP Acid z, " 0.022,1 ~. 200..SO M H1·H 1 0. 10030 

II u,l1 238.02 Flul'cimcu:, U02+2 :! 0. 11901 o.oi, 0 .017 0.024 0.20) 

F 19 D,.-.ct IC' f. . J O.OJIIOO 0.441 D.443 0.447 0.5711 

Cl "-~ Oinlc:IIC a. .J O.0l)O 0.03' 0.033 O.QlV 0.033 
NOl 62 Dinc1 IC N03· -1 0.1162(10 2.290 2.4ll 2.0,2 2.08P 
r,<J,l 46 Diro:t IC N02· •I 0.04600 o.:.iu 0.199 0,171 0.025 

P. SAP7 Acid ICP f04..l -~ 0.01012 1.~I 2 .0dl 2.3)5 2.63S 

s 31.06 Acid ICP S04-1 .; 0.01603 D.297 0.312 0.219 o.~1 

SI u.~ Fwiar.lCP SiOl- ·2 0.0140.S 0.470 0.427 0 .!69 0.466 
TOC 59.04 l'-"-'mc Aoowc ·I 0.O5go. o.ou 
TIC 60 ,ocrnc cm- ·2 (I .Q}()O(I 0 ,031 0,OlB 0.041 

CN- 26.02 Dine:\ C1" er,;. -1 0 .02602 

1~C•io• 

(--i) 6.641 6.679 7.4&4 7.292 

TDIII Anto111 

(mcq) .S."'1') .S .1127 6.00. 6.0111 

.ICaUO 1. 166 1.127 1.2-.6 1.15'1 
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Table A-9. BX-107 Material Balance. 
A>oakJ H•. I<•. am-aw,._ 'Wl."-- '11,t.~ WI. P.rocat WL l'lucal 

~1-ilar Oulc Mac 01:)'J•n 1.oOliStWI. C-40 Ccn4D C«e 41 C-41 
~ Wci,rht Fem Mcd,o,,l Au:al Atocm c. ..... F.cb C-,.1 C-,2 C-,1 c-.~ 

Al 26.91 AI203 ICPhid 2 3 I.vu 1.25 2.82 ! .06 J.14 

SIi 12l.7S s~ ICPh:W l .5 l,J:il-9 ,,,. 14.n AIJ05 WDCIM 2 5 1-"4 
Ba 137.34 BaO JCP Acid l I 1.116 

& 9.01 BcO lCPkid I I 2.776 

C4II 112.• ColO ICP .t.ciil I 1 l.1.C2 

ca 40.0I CaO ICI' Acil I l 1.3119 0.30 O.lCi 

Cr .52 CrOl lCPAcil I .s l.PZl 0.16 0. 17 0.2.1 0.20 

C. .51 .93 CoO lCP Acil I I 1.271 

C. 63.55 c..o ICPAc_. I I 1.l.52 

I'- ll.lS :Fc304 ICP Acid 3 • uu 1.31 1.30 I.II 1.10 
Fl, '207.l Pl,() ICP Acid I I 1.077 

Ma 2-Ul Ma() lCPJ.:id l I J,'31 

Ma SUl•4 Ma02 lCPAcld l 2 1 . .512 

1'11 Sl.71 .Ni• ICJ'>,ci,I l I 1.27) 
IC !9.1 r. ICP....,_. I 0 1.000 

~ 11.'6 5cQJ Di=t.AA l 3 1.601 

Ac 107.17 A.&20 lCPAci4 2 I 1.0'74 

Na ·u .99 'N• lCPAcMII I 0 l.1110 10.00 ]0.211 10.)0 l0.00 

la 6.1.37 ZnO ICP A.ci<1 J J 1.:M5 

Bi iM.91 8i203 !Cf Ac• '2 3 1.llS 2.36 2.46 , .02 2,92 

B 10.81 B20l JCPkiol 2 ! J.220 

C. 1411..12 ~OJ ICP Aci4 2 J 1.171 
La 1'8.9] WOl ICPAcid 2 3 1,213 

Si :?l.119 .Si02 lCP Fio,,i<>n I - 2 l .139 1.41 1.21 1.71 l.40 

s,, r.7.62 SrO ICPAdd I . I l.llD 

TI 47.9 T.02 K:rAeid I 2 1.663 

'/.r !11.22 l.02 ICPAm I 2 1.3.51 

p 19 F Oinct JC I 0 l ,000 O.l.5 .. ,. 0.89 l,10 

Cl 35.45 Cl l.lirec:t>C I 0 1.000 0.12 O.ll 0.10 O.ti 
)(OJ 62 N03 Di.rectlC 1 0 \ .000 14.lO 14.95 12.60 Jl.9!1 

N02 "6 N02 [)i,.,.JC l 0 J.000 0.97 0 .92 1.2:S 0.12 

p 3o0.P7 P04 lC"P Aci,I I .. ],1)66 4,47 • ,?:) 4.32 4.52 
s ]2.06 .soc ICPAcid I 4 2.W6 4.09 • . I~ 3.94 , .1:, 

i.;r, 26.01 CN DirmC~ I 0 1.000 

°'I· CUMC j9.o-4 Aau .. TO(' I 0 .(,916 0 .44 

1-ra. CUNA 60.01 Can,oUI.C nc I a 4.lKl7 0.57 0 . .57 0.62 

1i Walc:r Wa1<r $ w • ..., .57.7.5 57.10 Sli . .5.5 " -9:I 
u 2'8 .029 um F\uorimcl,y I 2 1.134 0.21 0 .2] 0.,2 2.71 

Tcollil 1i 101.0l 101.Sl 100.>4 101.01 
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Table A-10. Laboratory Identification Numbers Core Composite Samples. (222-S 
Laboratory) 

Sample point STD BLK Samples 

BX107-C40-Cl 1922, J930 1923 J924,J931,J932,J939,J943, 
1944, J947, 1951, 

BX107-C40CC1. J984, 1991 J985, 1993 J986,1987, I990, 1994, J995 

BX107-C40-C2 1926, J933, J934, J940,J948,J952 

BX107-C41-Cl J928 1929 J925, J935,J936, J941, J945, J946, 
J949, J953 

BX107-C41-C2 1927, J937, J938, J942, ]950, 1954 

13X107-C40CC1 is the same as sample point BX107-C40-Cl. 

Table A-11. Laboratory Identification Numbers Core 40 - Segments. (222-S Laboratory) 

Sample STD BLK Samples Cask Sample 
point number number 

BX107-C40-S 1 1865, J880, J898, 1955 Cl030 92-019 

BX107-C40SilI J909 J&50, 1910, J91 l NA NA 

BX I 07-C40-S2 J896 1879, 1897, 1914, 1956 Cl027 92-020 

BX107-C40S2H 1849, )907, 1908 NA NA 

BX107-C40-S3 1978 1864, J878, 1895, 1951 C1028 92-021 

'BX107-C40S3H 1904 1846, 1905, 1906 NA NA 

BX 107-C40-S4 1917 J877, ]894. 1913, J958 Cl018 92-022 

BX107-C40S4H 1845, 1902, 1903 NA NA 

BX107-C40-S5 ]863, 1876, ]893, 1959 Cl023 92-023 

BX 107-C40S5H 1899 1854, 1900, J901 NA NA 

. BX I 07-C40-S6 1891 J875, J892, J912, 1960 Cl021 92-024 

BX107-C40S6H 1853 1843, 1854, 1855 NA NA 

BX 107-C40-S7 J862, J874, 1890, J961 lOIOC 92-025 

BX107-C40S7H J842, 1851, J852 NA NA 
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Table A-12. Laboratory Identification Numbers Core 41 - Segments. (222-S Laboratory} 

Sample point STD BLK Samples Cask Sample 
number number 

BX107-C41-Sl J916 1861, J873,J889, J962 C1031 92-026 

BX107-C41S1H J839 1838, J840, J841 NA NA 

BX107-C41-S2 1860. J872, J888, 1963, Cl015 'J2-027 
1964 

BX107-C41S2H J834 J835 J831,J832, JB33,J836, NA NA 
]837 

BX107-C41-S3 J886 1859, J871, }887, 1965 1005C 92-028 

BX107-C41S3H J828 J827, I829, J830 NA NA 

BX107-C41-S4 }858, J870, J885, 1966 

BX107-C41S4H ]823 1824 J820. 1821, J822. J825, NA NA 
1826 

BX107-C41-S5 1857, 1868, ]869, J884, 1002C 92-030 
1961 

BX107-C41S5H -1816, ]818, 1819 NA NA 

BX107-C41-S6 J856, 1867, J883,J96B CJ029 92-031 

BX107-C41S6H J812 1813 J808, J809, I810, J814, NA NA" 
1817 1815 

BX107-C4l-S7 1881 J866,J882, J915,J969 C1034 92-032 

BX107-C41S7H ]805 1804, J806, ]807 NA NA 
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Table A-13. Laboratory Identification Numbers for Core 40 and 41 Segments and 
Composites-PNNL. 

PlalU 
C40 Comp I C40Comp 2 C41 c-, I C41 Comp:? 

laalcpic ~11196-lQ 9l- ll:z!1T•Kl 92-l l29l-HI 117~HI s-p1ar....~ ... 
l,yW- V:..11296-1!2 92-ll2P7-H2 92-1129$-Hl 92-""'40-H2 0..liGIIII 

Spec r.z,JUW-Hl Mdbouw.lt 

O.OC-,l C-40C-,2 OU Cloqi 1 Oil Comp 2. 
WtS 92-Jug&.JCl 92-1129'7·~ 92- l 1291-~-1 5'2·11299-X-1 WtS..i.i....,.i. ll)lidl 

n.11296-D n-um-10 92-11.%91-1'-2 92-lllW-lt•l WIS ...r.la -,,ia 

C40Cocnp I C40C-,2 cu Comp1 co eo,., 1 

92-11296-EJ 92-l12P7•EI 92-1129&-EI 02-11299-El Sampk S\'CIA 11111 pH 

SVOA 92-l 1'296-E2 V.Z- JI 207-F.2 92-1129&-e:2 92-11299-E! D,ipliml<: SVOA 111111 pH 

92-ll~EJ 92-11 299-E_:; l,llllrh.,ili:. 

92°lW1>-&I 92-11299-ll' Malrutllpbd~ 

C4II Comp l C40 eo..,2 C4J Camp I c,1 eo ... , 
'2-ll29f>.FI 9'.1,-J 1297-Fl P2-112H-l:-l 92- 11299-1'1 5-pkTOXIEOX 

TOXIEOX 92-11:?P~Pl 92-11297-F; P2-IJ 291-F:! '12· 11299-Fl: 0-..~ 
92-ll~F.I Mellladllilat 
112-112P6-F4 91.-11291·1'4 Suaple IIPib TOX,'8:1.l( 

C40SqS C40Sq 7 CCI Sq 2 C4I Se1 l C-41 Scs S Oil Sq e ens.a, 
P'l-09'4!9-Ml 91-~S-MI Pl~MI 92-09'141-MJ ,n.()9442-MJ 92--094-43-MI 9'2-09444-M I S-,.VOA 

VOi\ 92-09419--M:Z 9i?.Q90S-M2 92-09440.),Q ll2--09<!41· M2 92-09442-Ml 92-09443-Ml 92.Q9444.M2 Dv,i.:- VOA 

'1}-0909-MJ 92-09440-lrO 92--0944)-MJ MMIUl:,pilr.c 

V2-U909-M& 9l-09440-~ 92--01144).~ M&lnlt ap•c ,..,r-
llbcoloc, 

C40Sq 2 C"lS-,4 C40 See 6 -
9Z-IJ293 92-112H t:2- 11.SS iu..oa..a -.le 

Table A-14. Analytical Methods for Physical and Rheological Testing. 
Analyte Procedure 

% Water 
PNL-AW-504 
LA-564-101 

Rheology PNL-AL0-501/502 

Thermogravimetric analysis 
PNL-AL0-508 
LA-561-112 

Differential scanning analysis I...A-51~113 
PNL-AL0-508 
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Table A-15. Analytical Methods for Chemical and Radionuclide Analyses. 

Analyte Method Procedure number 

Hg Cold vapor atomic 
LA-325-102 absorption 

F, CI·, No,·, NOi, PO/, sot Ion chromatography LA-533-105 

cN· Distilation/spectrometric 
LA "695-102 analysis 

Uranium Laser fluorimetry LA-925-106 
Alpha ene.rgy analysis PNL-MA-597 

Total alpha Proportional counting 
LA-508-101 Total beta 

231Pu, ~9.14°I>u, 241Am. l37Np Alpha spectrometry PNL-AL0-423/ 
LA-503-l56 

Total metals Inductively coupled plasma LA-505-151 
'llOSr Beta proportional counting LA-220-101 
99J'c Liquid scintillation LA-438-101 
1~ Low energy gamma analysis LA-378-103 
l4C 

Liqujd scintillation LA-348-104 
3H LA-218-113 

· lllCs Gamma energy analysis LA-548-121 
ff+ pH LA-212-103 

As Atomic absorption PNL-AL0-214 
Se PNL-AL0-215 

Pu isotopic 
Mass spectrometry 

PNL-ALQ-455 
Ur isotopic PNL~MA-697 

.Tocmc Furnace oxidation LA-622-102 
Persulfate oxidation PNL-AL0.380/381 

Table A-16. Analytical Methods For Organic Analyses. 

Analysis Method Procedure number 

VOA Gas chromatography/mass spectrometry PNL-AL0-335 

SVOA Gas chromatography/mass spectomctry PNL-AL0-345 

EOX/TOX Microcoulometric titration PNL-AL0-320 
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