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EXECUTIVE SUMMARY

Single-Shell Tank 241-T-105, an underground storage tank containing radioactive
waste, was most recently sampled in March and | 1y of 1993, Sampling and characterization
of the waste in Tank 241-T-105 contribute toward the fulfillment of Milestone M-44-05 of
the Hanford Federal Facility Agreement and Consent Order (Ecology, EPA, and DOE, 1993).
Characterization will also provide support for the Tank Farm Operations, safety programs and
design of retrieval, pretreatment, and disposal systems.

Tank 241-T-105, located in the 200
West Area T Tank Farm, was constructed in
1944 and went into service in July of 1946

Waste Profile of Tank 241-T-105

by receiving second cycle decontamination BAR
waste - the T Plant. Durii  the service
life of ank, other wastes were added

inc 1 ng T Plant first cycle waste, PUREX
Plant coating waste, laboratory waste,

decontamination waste from T Plant, B Plant Non-Complexsd A .
low level waste, and B Plant ion exchange Wasto e
waste. It is the second tank in a cascade )
vylth Tgnks 241-T-104 and 241 -T-108. The Total Tank Volume: 2,010 kL (530 Kgal
final disposal of the waste in Tank 241-T- Current Waste Volume: 371 kL (98 Kgall

i . Interslitial Liquids Volume:  87.1 kL (23 Kgal}
105 will be as high- and low-level glass Sludge Volume:  371KkL (98 Kgall

fractions. The tank has an operational
capacity of 2,010,000 L (530,000 gal), and
currently contains 371,000 L (98,000 gal)
of non-complexed waste, existing primarily as sludge. Approximately 87,000 L {23,000 gal)
of drainable interstitial liquid remain. The waste is heterogeneous. Tank 241-T-105 is
classified as a non-Watch List tank, with no Unreviewed Safety Questions associated with it
at this time. The tank was Interim Stabilized in 1987 and Intrusion Prevention was completed
in 1988.

The waste in Tank 241-T-105 is comprised of precipitated salts, some of which
contain traces of radioactive isotopes. The most prevalent analytes include aluminum, iron,
silicon, manganese, sodium, uranium, nitrate, nitrite, and sulfate. The water digested sample
results demonstrated that cadmium, chromium, lead, mercury, selenium, and silver
concentrations were greater than their Toxicity Characteristic regulatory thresholds. The
major radionuclide constituents are %°Sr and '3’Cs. The waste is 74.1% solids by weight.
Comparisons to established limits of concern for selected analytes can be made by referring
to the 7Tank Characterization Reference Guide (De Lorenzo et al., 1994).

The results of the analyses have been compared to the dangerous waste codes in the
Washington Dangerous Waste Regulations {Ecology, 1991). This assessment was conducted
by comparing tank analyses against dangerous waste characteristics ("D" waste codes} and
against state waste codes. It did not include checking tank analyses against "U", "P", "F",
or "K" waste codes since application of these codes 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 for the Single-Shell
Tank System; this permit is discussed in the Tank Characterization Reference Guide
(De Lorenzo et al., 1994).
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1.0 TRODUCTION

In March and May, 1993, Single-Shell Tank 241-T-105 was sampled to contribute
towar meeting Interim Milestone M-10-07 of the Hanford Federal Facility Agreement and
Consent Order (Tri-Party Agreement) (Ecology, EPA, and DOE, 1993). Characterization of the
waste from this sampling effort will assist in fulfiling Milestone M-44-05 of the Tri-Party
Agreement. Sampling was also performed to determine proper handling of the waste, to
address corrosivity and compatibility issues, d to comply with requirements of the
Washington Administrative Code (Ecology, 1991). This Tank Characterization Report presents
an overview of that tank sampling and analysis effort, and contains observations regarding
waste characteristics. It also addresses expected concentration and inventory data for the
waste con 1ts based on this latest sampling data and background tank information. Finally,
this report makes recommendations and conclusions regarding the present status, operational
safety, condition of the tank, and any further characterization needs.

1.1 PURPOSE

The purpose of this report is to describe and characterize the waste in Single-Shell
Tank 241-T-105 (hereafter, Tank 241-T-105) based on information given from v ous
sources. This report summarizes the available information regarding the waste in Tank 241-T-
105, and using the historical information to place the analytical data in context, arranges this
information in a useful format for making management and technical decisions concerning this
waste tank.

Specific objectives reached by the sampling and characterization of the waste in Tank
241-T-105 are to:

° Contribute toward the fulfillment of the Hanford Federal Facility Agreement and
Consent Order (Tri-Party Agreement) Milestone M-44-05 concerning the
characterization of Hanford Site high-level radioactive waste tanks (Ecology,
EPA, and DOE, 1993).

° Complete safety screening of the contents of Tank 241-T-105 to meet
characterization requirements of the Defense Nuclear Facilities Safety Board
{(DNFSB) Recommendation 93-5 (Conway, 1993).

° Provide tank waste characterization to the Tank Waste Remediation System
(TWRS) Program Elements in accordance with the TWRS Tank Waste Analysis
Plan (Bell, 1994).

1.2 SCOPE
This report first presents a broad description of the tank and its historical background.
This allows a detailed estimation of the contents of Tank 241-T-105 based on historical

process information and detailed transaction records. Next, the results of the sampling and
analysis effort are summarized and interpreted both qualitatively and statistically. The

LATA-TCR-9411, Rev. O 1-1
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information obtained from historical sources is then compared
measurements to arrive at final waste inventory and concentrat
conclusions and recommendations are given based on the cur 1t w
status.

1.3 ASSUMPTIONS

The concentration and inventory estimates derived for this rep:
authors d by the Westinghouse Hanford Company Characterizatior
accurate, defensible, technically valid, and contemporary data conci
This Tank Characterization Report incorporates all availabl
characterization, and transfer data concerning Tank 241-T-105. In a
current tank contents based on process knowiedge and waste tran
important cross-checks and corroboration to the inventory estimai
analytical data. Given that the analytical data are valid and defer
definitive characterization of the contents of Tank 241-T-105.

The term “analytical results” is used in this report to denote
most recent sampling event. Char :terization data from these samp
for the analytical section of this report, Section 5.0. The historical
tank, Section 2.4, is based on available analytical and process inforn
sampling.

Tank 241-T-105 no longer receives waste; it has been interim
been completed to minimize the addition of liquids (Hanlon, 1994).
Tank 241-T-105 is considered accurate and representative of the tani
of preparation of this report: September 1994,

LATA-TCR-941 Rev. O 1-2
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2.0 HISTORIC/ TANK INFORN TION

The purpose of this section is to describe Tank 241-T-105 based on historical
infor ition.  is divided into five parts. A brief ‘:scription and historical background of the
tank comprise the first part, followed by the current tank status, a summary of the process
sources that contributed to the tank waste, and an estimation of the contents of Tank 241-T-
105 based on historical information. The final part details the surveillance data taken on the
tank.

2. TANK HISTORY

Single-Shell Tank 241-T-105 consists of a carbon eel tas  within a reinforced
concrete shell and dome. It has a diameter of 23 m {75 ft.), an operating depth of 4.9m (16
ft.), and a capacity of 2.01E+06 liters (530,000 gallons) (Husa et al., 1993). The basic
design of Tank 241-T-105 is shown in Figure 2-1. Instruments access Tank 241-T-105
through risers and monitor the temperature, sludge level, and other bulk tank characteristics
{Fulton, 1992). The position of these risers is found in Figure 2-2.

7 2 241-T Tank Farm, built between 1943 and 1944, is one the initial four tank
farms to be used at the Hanford Site. It is the northernmost tank farm in the 200 West Area.
Figure 2-3 details the Hanford Site’s 200 West Area and the location of the 241-T Tank Farm.
As Figure 2-2 shows, Tank 241-T-105 is located in the second row from the top and second
column from the right of the 241-T Tank Farm.

ink 241-T-105 is the second tank in a “cascade” connecting it to Tanks 241-T-104
and 241-T-106. A cascade was a system where several tanks were connected in series by
pipes. These pipes were located at the top of the tanks’ working depths. Waste was added
to the first tank in a cascade and flowed to the next tank without overfilling the first tank.
By using a cascade, fewer connections needed to be made during waste handling operations.
This method reduced waste handling requirements, personnel exposure, and the chance of a
loss of tank integrity from waste overflow. Another advantage of using the cascades was to
clarify the waste. Heavier solids and insoluble constituents would precipitate primarily in the
first tank (in this case Tank 241-T-104}, and the clarified liguids would flow through the
cascade on to the other tanks (T-105 and T-106). This practice led to rapid filling of the first
tank with solids and allowed the clarified liquid from the tanks in the cascade to be discharged
to cribs.

Tank 241-T-105 went into service in 19486, receiving second cycle decontamination
(2C) waste (Anderson, 1990). This waste was st directly to the tank, bypassing Tank 241-
T-104 and the connecting cascade (Jungfleisch, 1984a). The 2C waste cascaded out of Tank
241-T-105 to Tank 241-T-106. In 1948, the cascade line from Tank 241-T-104 to Tank 241-
T-105 was used and Tank 241-T-105 began to receive first cycle (1C) waste through this
cascade (Jungfleisch, 1984a). The cascade from Tank 241-T-104 to Tank 241-T-105 was
no longer used after the last additions of 1C waste from T-Plant in 1954.

LATA-TCR-9411, Rev. O 2.1
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Figure 2-2. Riser Configuration for Tank 241-T-105.

. . |
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1 4" FIC Level Gauge
/ 2 12" Observation Port
3 12 Flanae
4 4" Thermocouple Probe
5 4" Breather Filter ‘
s | 12 . |
Condense . - E—
(Weather Covered) 4® 7 12" Flange
_ 8 4 Flange
Cascade Cascade Iniet 13 12 Saltwell Screen
C Outlet to Tank from Tank
241-T-106 241-T-104
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(Showing Cascade Connections)
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201
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N
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204 | 112 ~— 111 - 110
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Sources: Fulton, 1992
Vitro Eng. Corp., 1979
Hanford Eng. Works, 1944
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As part of an overall tank farms effort to increase surveillance, two dry wells were
drilled around Tank 241-T-105 in 1973, and another dry well was drilled in 1975. All of these
dry wells have registered high radiation activity; however, this activity has been attributed to
an estimated 435,000 liter (115,000 gallon) leak from Tank 2¢ -T-106 (Welty, 1988).

During its operational lifetime, liquids from Tank 241-T-105 were discharged to the
cribs, to various tanks, and to the REDOX Evaporator. Tank 241-T-105 was removed from
service in 1976. Salt well pumping commenced in the same year and continued into the
following year. A new sait well was installed in the tank from 1977 to 1978. Tank 241-T-
105 was primary stabilized in 1980 (Anderson, 390). This involved the removal of liquid
above the solids (other than isolated surface pockets) by salt well pumping. The tank was
designated Interim Stabilized in 1987. This was an administrative change and did not require
any physical modifications to the tank. Intrusion Prevention on Tank 241-T-105 was
completed in 1988. Intrusion Prevention is the administrative designation reflecting the
completion of physical modifications to minimize the addition of liquids into the tank.

2.2 TANK STATUS

Tank 241-T-105 currently contains 371,000 liters (98,000 gailons) of waste. This
waste is sludge with an estimated 87,000 liters (23,000 gallons) of interstitial liquid (Hanlon,
1994). ) current temperature data are available because there is no thermocouple tree in
this tank. Waste levels and tank temperatures are further discussed in Section 2.5. Tank
241-T-105 is listed as a low heat load tank (Hanlon, 1994), and is passively vented to the
atmosphere through a breather filter {(Bergmann, 1991). With the exception of temperature
readings, monitoring systems are currently in compliance with established standards (Hanlon,
1994).

The current designation of the tank contents is non-complexed waste. Thisis ageneral
term used to describe waste that does not have a high content of organic carbon and/or
carbon-bearing complexants. Tank 241-T-105 is not a Watch List tank, nor does it have
Unreviewed Safety Questions associated with it. The integrity of Tank 241-T-105 is sound.
The tank has been Interim Stabilized, and it has undergone Intrusion Prevention (Hanlon,
1994).

2.3 PROCESS KNOWLEDGE

The first waste type to be introduced into Tank 241-T-105 was second cycle (2C)
waste in 1946. This waste consisted of effluent remaining after precipitation of plutonium
product in the second decontamination cycle of the BiPO, process at T Plant. The 2C waste
filled the tank and then cascaded to Tank 241-T-106. Since Tank 241-T-105 received waste
directly from T-Plant, 2C solids are expected to have been deposited in the lower portion of
the tank. In 1948, much of the 2C supernate in Tank 241-T-105 was sent to the cribs.

From 1948 to 1949, Tank 241-T-105 received first cycle (1C) waste cascaded into
the tank from Tank 241-T-104. Produced in the BiPO, process at T plant, this 1C waste
consisted of byproducts co-precipitated from a plutonium-containing solution. Coating waste
from the removal of aluminum fuel element cladding was also added, and comprised about
24% of the waste stream. This 1C waste is characterized by a relatively high concentration
of bismuth and aluminum.

LATA-TCR-9411, Rev. O 2.5
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In 1954, the supernatant in Tank 241-T-105 was pumped ot
The cascade system was not used after this year. The tank began i
at the beginning of 1955 and was full by the end of 1956. Coating
the REDOX Plant from the dissolution of aluminum fuel cladding. The
dissolved in a dium nitrate-sodium hydroxide solution. As canbe e
has a very high concentration of aluminum.

The waste was allowed to settle for about 10 years until 19¢
which made up the bulk of the tank’s volume, was transferred out o
year, Tank 241. J5 was filled with Hanford laboratory operations v
was generated laboratories in the 300 Area. Also in 1967 a
contents of Tar 41-T-105 were sent to the REDOX Evaporator.

~ In 1968 and 1969, Tank 241-T-105 received decontaminatic
wash solution from equipment decontamination efforts at T-Plant. Iti
nitrite solution, averaging 0.024M sodium nitrite. Transfers from otl
liquid waste mixtures containing B-Plant low level (BL) and ion exct
Tank 241-T-105 in 1973. Supernate, consisting of most of th
transferred out of the tank and BL and IX refilled the tank in the same
waste originated from the fractionization plant. lon exchange wast
cesium recovery process at B-Plant. The waste types discussed in
expected to contribute substantially to the tank’s solids content,
dissolved some of the pre-existing salts.

In 1974, most of the supernate was again pumped out of
remaining supernate was removed in the next few years. A graphic:
of Tank 241-T-105 is included as Figure 2-4. Table 2-1 presents th
volume of each of the waste types received by Tank 241-T-105.

LATA-TCR-9411, Rev. O 2-6

ind sent to the cribs.
eiving coating waste
1ste was produced at
iminum cladding was
ected, coating waste

when the supernate,
1e tank. In the same
ite. This dilute waste

1968, much of the

waste (DW). This is
1ainly a dilute sodium
' single-shell tanks of
ige {IX) wastes filled
tank’s volume, was
rar. B-Plant low level
vas a product of the
is paragraph are not
1, in fact, may have

1k 241-T-105. Any
vaste volume history
istimated cumulative



@ @ % % PVEL IN FEET

® o 3

R )

N

D347

§
Foa o ond 03 lemduer vmv! <

R

i
- iy

 WHC-SD-WM-ER-369 REV O

Figure 2-4. Waste Volume History of Tank 241-T-105.
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4.0 SAMPLE HANDLING AND ANALYTICAL SCHEME

The analytical procedures performed on the samples upon receipt from the tank farm
sampling activity are the focus of this section.

4.1 WASTE DESCRIPTION

The segments obtained from core sampling activities in Tank 241-T-105 were a
mixture of air, liquids, and solids. The following is a description of the contents of each core
segment (Kocher, 1993 and Giamberardini, 1933).

Core 53

Segment 1 - Solids comprised 18%, or 33.66 mL, of the 187 mL volume of the sampler. The
solids were brown, homogeneous, of a muddy texture, and had no crust. No drainable liquid
was recovered; however, 11.32 g of liner liquid (liquid which drains from the sample as
contamination into the sample liner, or from head fluid) was obtained. Eighty-two percent
(82%), or 153.3 mL, of the sampler volume was occupied by air.

Segment 2 - Less than 3% of the 187 mL sampler volume was occupied by solid material.
41%, or 76.67 mL, of the sample was air, and 56 %, or 104.72 mL, of the sample was liquid.
96.7 g of drainable liquid and 11.24 g of liner liquid were collected. The volume of drainable

Jui recovered was 85 mL due to a loss of approximately 10-20 mL that ejected off the
sample tray.

Core 54

Segment 1 - The recovered material was predominantly solid, making up 31%, or 57.97 mL,
of the 187 mL sample volume. |n appearance, the material was dark brown to white in color.
The texture was smooth and wet. The segment was nonhomogeneous. Five percent (5%),
or 9.35 mL, of the sample volume was occupied by liquid. The remaining 64%, or 119.68
mL, of the sam| @ volume was comprised of air. |n addition, 13.8 g of drainable liquid, and
0.8 g of liner liquid were recovered. The volume of drainable liquid was 10 mL.

Segment 2 - Most of the recovered sample, 91%, or 170 mL, was comprised of liquid. The
net weight of the liquid was 164.53 g. The remaining 9% of the sample volume was
occupied by air. There were no solids recovered. In addition to the drainable liquid, about
4 .94 g of liner liquid was recovered.

Core 57
Segment 1 - Dry solids of approximately 1.5 inches were extruded from the sampler. No
drainable 7uid was recovered , and there was no liner liquid. Breakdown of the sampler

volume is a follows; 92% air, 0% liquid, and 8% solids (16.4 g). The solids were dark brown,
cohesive, dry and homogeneous. No subsampling was performed.
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5 MODULE SPECIFIC ANALYSES

The characterization program for Tank 241-T-105 was intended to satisfy criteria set
by the Tank Waste Remediation System (TWRS). The TWRS sample characterization
objectives are to provide adequate description of physical, chemical, and radioclogical
properties of Hanford Site tank wastes to support resolution of Unreviewed Safety Questions,
other safety issues surrounding the Watch-List tanks, and the design of retrieval, pretreatment
and final disposal systems (Bell, 1994). The waste in Tank 241-T-105 was analyzed to
provide ¢ ficient information to determine with confidence that constituent concentrations
are within safe operating limits.
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the overall analyte mean. The RSD is a unitless measure of variability and allows the
comparison of variation across constituents whose magnitudes may vary widelv. The
laboratory m« iurement control system has set the quality control criterion of no Rl eing
larger than the RSD times three for a given analyte. / data presented in this section were
calculated for analytes with detected values only (no "non-detects").

Only four of the analytes listed in Table 7-4 had one RPD value exceeding the criterion
of three times the random analytical error from sample resi s (RSD). Of these four, no
problem was detected in the analytical procedure for potassium and strontium-90.
Manganese had one spike recovery slightly outside the prescribed limits (section 7.3.1), and
the tritium concentration was less than four times the detection limit.

7.4 DATA VALIDATION FINDINGS

The primary objective of data validation is to ensure the usability and defensibiiity of
the data produced for the tank. This was accomplished through a detailed examination of the
data packages which attempted to verify that proper and acceptable analytic: techniques had
been applied. Evaluations such as instrument calibration checks, matrix spikes, duplicates,
and blank analyses were reviewed, and the corresponding results were compared to relevant
quality control criteria. Additionally, the data packages were checked for the correct
submission of required deliverables, correct transcription of raw data to the summary forms,
an for proper calculation of a number of parameters. Data which failed to satisfy the
es )lished quality objectives were qualified as reported in Kocher (1993) and Giamberardini
(1993).
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A.3  Column Headings

A.3.1 ° 2 "Analyte" column contains, in addition to the narm
characteristic, information about the method of measurement, ¢
information about the method of digestion. The method of dige
because unlike the other analytes, different digestion procedur
same metal.

Possible digestion methods are: d - direct; a - acid diges’
potassium hydroxide fusion, followed by acid digestion.

The analyte and method are presented as follows: "metf
of am al) "method.digestion.analyte." For example, the speci'
measured with a beta proportional counter 1d is listed "BPC.%°¢
of Pb was determined by the inductively coupled plasma method
digestion, and is listed as "ICP Pb."

A.3.2 The "Laboratory Sample (dentification” column lists the s.
was meas ured; this identificationt nber is different from the nur
at the taij-';k farm. Sampling rationale, locations, and descripti
containec in Section 3.0.

A.3.3 "Analytical Data Result" is the specific concentration o
different sampling points. No quality control data such as matr
duplicate analyses are listed. This information may be obtaine:
data packages (Kocher, 1993 and Giamberardini, 1993). D:
esﬁma ted {denoted by "J" or "UJ" in the data package) will be e
{395) wig/mi. Unusable data (denoted by "R" in the data pack
strikeout, i.e., 396 yg/ml. Unqualified data will be entered in st

A.3.4 The "Range of Va :s" column lists the highest and the Ic
anaiyte.

A.3.5 ..e Evaluated Data Result is derived as discussed in Sec

A.3.6 Column 6 "Standard Deviation" is computed for thos
detection limit.

A.3.7 Column 7, "Projected Inventory,” is  :product of the con¢

the volume of the waste in the tank. (23,000 gallons or 8.71E+
or 3.71E+05 L solid).
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LIST OF TABLES FOR APPENDIX

Table A-1. Tank 241-T-105 Analytical Data:
Aluminum . .. e e e e e e
ANntimony . ... e e e
ArSENIC . .. i i e e
Beryllium . . .. . e
Bismuth ... .. .. . e
Boron ... ... e
Cadmium .. e e e e e e
Calcium ... e e e
CeriUm . L e e

Lead . . . . . e e e e
Lithium . . o e e e e e
Magnesium . . ... ... e e e e
Manganese . . ... ... e e e
MErCUTY .. o it s e e e e e e e e e e
Molybdenum .. .. ... ... ... . . . e
Neodymium . .. .. .. . e e
Nickel . ... ... ... .. . .. .. ... S
Phosphorus ... .. ... .. .. i
PotassiUm . .. . i it e e e e e e
SaAMANIUM . . ot e e e e e e e e
Selenium . . . ... L e
Silicon . .. e e e
SHVEr L e e e e
SodiUMm . . e e e e e
StrontiuUM . . . e e e
SUUN o e e e e e
Thallium . .. e
L= 11 T o
Uranium ... . e e e
ZirCONIUM . . . . e e e e e e

Table A-2. Tank 241-T-105 Analytical Data:
AMMONIA o s e e e e e e e
Chloride .. ..... .. . ittt
Chromium (V1) . .. .o e e e e
Cyanide ... ... ... . .. e
Fluoride . .. ... . . i e e
Hydroxide . ... ... ... . . .
Nitrate . .. . i it e e e e e e e
Nitrite . . . . e e e e e e
Phosphate . ... .. ... .. i e
Sulfate . ... e e e e e
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LIST OF TABLES FOR °PENDIX A (continued)

Table A-3. Tank 241-T-105 Analytical Data:

Americium-241 % e e
Americium-241 . .. e e
Antimony: 25 ... e
Carbon-T4 . . . . . e
| Cerium/Praseodymium-144.-. . . . . ... ... ... .. . . . ...,
Cesium-134 . ............ e e e e e e e e e e e e
Cesium-137 . e
Cobalt-60 . . ... . e e
| Europium-1584 . . . .. .
Europium: 35 . . ..
Potass n-¢ L
Plutonium-238 . . . . . . ..
Plutonium-239/240 . . .. . .. . e
Ruthenium-103 ... ... ... .. ... .. ... . ... .. e e e
Ruthenium/Rhodium-106 . .. .. ... .. ... . . ...
Strontium-90 . . ... e
Technicium-99 . . . . . . . . e
Thorium-228 . . . e e e
Tritium . e
Total Alpha . . . . .. e
Total Beta . .. ... ... e
Percentage Plutonium ... ... ... ... ... ... . ... . ...
Percentage Uranium . ... .. ... ... i,
|

ible A-4. Tank 241-T-105 Analytical Data:

] o
Specific Gravity . ... ... . e
Thermo-Gravimetric Analysis . . . ........ .. ... ...
Total Dissolved Solid .. .......... ... ... ... ... ........
Weight Percent Solid .. ............... ... ... ... ....
Total Solid . ... ... . e
Centrifuge Solid .. ... ... .. . . . .. . . . e
Residual Solid . ..... ... ... ... . . . e
Density .. ... e
Totai Inorganic Carbon . ... ... ... . ..
Total Organic Carbon . . . ... ... .. ... . . ... . . ...
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The following was derived from Westinghouse Hanford Company document WHC-SD-WM-DP-
047, Rev. 0, Addendum 1A, Internal Memo 12110-PCL93-084, dated September 28, 1993.

Mass balance and charge balance calculations have been completed for tank T-105 samples
representing core 53 segment 1 and core 54 segment 1. Of the raw analytical data provided, the
numbers necessary for calculating mass and charge balance are shown in Table 1. Table 2 shows the
corresponding concentrations of the chemical compounds assumed to be present in the waste, and
the results of the mass and charge balance calculations. For both core samples, the charge balance is
good (close to 1.00), but the mass balances are somewhat low.

Interpretatic= ~* -t

For the core 53 acid digest analysis, the low mass balance (92.6%) may be due to incomplete
dissolution of the samples. The fact that the charge balance is excellent (0.99) suggests a factor that
influen the nple as a whole, such  incomplete ¢ lution opp | to an i it
analytical resuit tor one or more of the sample components. )

The charge balance for the core 53 fusion analysis was lower than it was for the acid digest analysis.
This fact reflects the lower sodium resuit for the fusion sample. One would expect these numbers to
be the same, since sodium compounds should be completely dissolved in both treatments. Since the
two sodium values (acid digest/fusion) differ by about 10%, and the same value for anions is used for
both samples, the difference in charge balance is also about 10%. The higher overali mass balance for
the fusion analysis reflects the higher aluminum result in the fusion.

There were no inductively coupled plasma spectroscopy (ICP) analyses done on the water digest
sample for core 53, so no mass or charge balances are possible.

The very low mass balance (38.5%) for the core 54 water digest sample is due to incomplete
dissolution, and is to be expected. The charge balance, which does not depend on complete sample
dissolution, is excellent (0.986).

The ICP results for the core 54 acid digest and fusion samples show that aluminum is by far the major
metal present in the sampies. If the aluminum is present as Al(OH),. as assumed, then it accounts for
approximately half of the total sample as analyzed. [See Table 2 -- 0.445 g Al(OH), out of 0.861 g total
sample for the acid digest, and 0.437 g Al{OH), out of 0.887 g total sample for the fusion]. The low
mass halance for both of these samples is probably due to the unusually low weight percent water .
(26.61%) reported for core 54 segment 1, but could also be related to incomplete dissolution of the

solids.

C~!~lations and Assumptions

The mass balance is calculated by the following formula, using the data shown in Table 2. The factor
0.0001 is equivalent to muitiplying by 10° to convert ug/g into g/g, then dividing by 100 to convert g/g
to weight percent. The phosphate value in the formula comes from the ICP result, rather than the ion
chromatography (IC) result, because it includes both water-soluble and water-insoiuble phosphate (see
"Bismuth" below). The values for the anions determined by water digest are used in both the acid
digest and fusion mass balance calculations.

MASS BALANCE = % Water + 0.0001 X [Al{OH), + Bi®" + Ca(OH), + CrO, + FeO(OH) +_

Mg(OH), + MnO, + Na® + PO,* + PbO, + SiO. + CO.,” + C,H.0, +
Cl' + NO, + NO, +S0,7]
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Elements or ions that v e consistently below 5 ug/g in the data provided wi
calculations. Hydroxide was among the ions not included for that reason.

The charge balance is the ratio of the cation microequivalents to anion microec

-not included in the

ralents. The only

anion data available comes from the water digest analyses, and therefore the only cations that should

be considered are those that are water solubie. The only significant cation tha
is sodium (See the water digest iCP resuits in Table 1). Therefore, the calcuia
equivalents is simply the sodium concentration in ug/g divided by equivalent w
of sodium.

There are many anic  that ince the Na* charge. The caiculation for the tc

anions is made by the following formula, in which the concentration of each ior

4a/g, and the phosphate value is taken from the IC results:

TOTAL ANIONS | s) = [CO,%/30.0 + C,H,0,/59.0 + CI/35.4 +
PO,>/31.7 + S0O,%/48.0]

sroequival

Aluminum is one of the major components of the samples, and is almost comp
Due to the low hydroxide concentration in the samples, the aluminum is assum
original samples as Al(OH),. While it is quite possible that some of the alumint
aluminosilicate (zeolite), incorporating such species into the mass balance calc
the overall mass batance, rather than raise it. Therefore, in the interest of keep
calculations as simple and consistent as possible, all of the aluminum is presur

Bismuth is assumed to be present as water-insoluble BiPO,. Because the phos
separate entry in Table 2, the bismuth is listed in Table 2 as the bare ion for cz
balance. The amount of phosphate determined by ICP, and included in Table
to account for the water soluble sodium phosphate (as determined by the wate
BiPO,.

Calcium is assumed to be present as Ca(OHy),. Other forms, such as Ca,(PO,).
would lower the overall mass balance instead of raise it.

Chr~~"'m is a trace element in the samples. [t was included only because it f¢
500 ug/g "cutoff' limit for one of the cores.

[ron is another major component, and is assumed to be present as FeO(OH). (
hydroxide" in The Merck Index, Tenth Edition.) Any number of other forms are
raise or lower the mass balance by small amounts.

Magnesium is present in smail amounts. [t is assumed to be present as Mg (Ot
possible, but since Mg is present in such small concentration, they would have
the mass balance.

Manganese is assumed to be present as MnO.,,

Sodium is calculated in both mass and charge balance as the bare Na™ icn. |t
various anions listed as water-soluble saits. There may be traces of water-insol
compounds, such as zeolites, but the close agreement between the water dige
fusion results for sodium in core 54 show that nearly all the sodium is water-sol

LATA-TCR-9411, Rev O B2

s into this category
s for total cation
ht, or atomic weight,

microequivalents of
able 2) is given in

,/46.0 + NO,/62.0 +

ly water-insoluble.

to be present in the
s present as

ion would only lower
the mass balance
to be AI(OH)..
ate is listed as a

ating the mass |
5 more than enough |
gest IC) and the

‘e possible, but
bove the arbitrary

entry for "ferric
ssible, which could

Other forms are
significant effect on

issociated with the
> sodium.
acid digest, and

a



ot

Ao

ER Al ﬁgg_g s

i} &
V;l! LE jh"l}!ﬂm e

ARt

WHC-SD-WM-ER-369 REV 0O

P-~~mhorus is determined by ICP, and phosphate-is determined by IC. In Table 2, the phosphorus
Ier value was converted to phosphate, assuming that all the phosphorus was phosphate. The
numbers in Table 2 show that, base on this assumption, the ICP value for phosphate is approximately
twice as high as the IC value. This indicates that half of the phosphate is water-soluble (i.e., Na,PO,)
and half is water in-soluble (e.g., BiPO,). The ICP values were used for all of the mass balance
calculations, and the IC value was used for the charge balance calculations.

Le~~is another trace element that barely made the “cutoff’. | It is assumed to be present as PbO,,.
Sulfur is present as the sulfate ion, a  appears to be completely water soluble. The sulfate calculated

from the ICP result is in good agreement with the sulfate analyzed by IC (see Table 2). The IC results
were used for both mass balance and charge balance calculations.

Silicon is assumed to be present as SiO,. Analytical results were widely scattered. The water digest
ICP analysis for core 54 shows that there could be scme water soluble silicon, which would be the
silicate ion, SiO,”. Because the concentration is small, there would not be significant effect on the
overall mass balance if some SiO, were replaced by SiO,*. The effect on the charge balance would
also be insignificant. In general, Si values are always somewhat suspect because Si present in
laboratory glassware can be leached by the caustic waste sambles.

Total inorganic carbon (TIC) is assumed to be carbonate.

Total organic carbon (TOC) is assumed to be acetate, C,H,0,.

Nitrite ion was determined by IC and by a spectroscopic (spec) method. The spec method gives
anomalous results. It is suspected that there was a consistent error in the calculations for that method.
If the spec result were substituted for the IC result in core 53 segment 1, the mass balance would drop
from 92.6% to 88.8%, and the charge balance would increase from 0.99 to 1.35. The other factor
pointing to which of the NO, results is correct is simple knowledge of waste tank chemistry -- the spec
result is not consistent with what is known about similar waste tanks.

'*~"ght percent water (% water) is a crucial factor in determining an accurate mass balance. The %

water value for core 53 was taken from the thermogravimetric analysis result. For core 54, the value
reported as "% Solids" was subtracted from 100 to arrive at % water.

LATA-TCR-9411, Rev O B-3












I
’1},"7 (é’ i

FEETT DD
[ANS BT A Sy & S m_a'!!‘u--.i

P. Segall =19
E. J. Shen S4-58
B. C. Simpson (10) R2-12
G. L. Smith H4-61
M. J. Sutey 1-07
L. D. Swenson G3-20
J. D. Thomson R2-76
G. L. Troyer T6-50
D. A. Turner S7-15
C. J. UdeN L6-12
D. J. Washenfelder L4-75
M. S. Waters $6-30
G. R. Wi son S7-14
TFIC (Tank Farm Information Center) R1-20
Central Files teont
EDMC

QSTI (22 _ L L8-U/
Document Processing and Distribution (2) L8-15

A-6000-135 (01/93) WEF067

D< D€ DK DK DC D DK D DK DK DK DK DK > > > > <

EmiT$O8l qu&+












2
Tk E o &
S vg e

“lamo- 'aboratory
Lyi-14 MS-un86
P.0. Box 1663
Los Alamos, NM 87545

S. F. Agnew (6)

Los Alamos Tec"~“cal *-~~3-*1ites

750 Swift Blvd., Suite 4
Richland, WA 99352

A. T. DiCenso
Ogden Environmental

101 East Wellsian Way
Richland, WA 99352

R. J. Anema

CH2M Hill
P.0. Box 91500
Bel avue, WA 98009-2050

M. McAfee
Tank Advisory Panel

102 Windham Road
Oak Ridge, TN 37830

D. 0. Campbell

ONSITE

Department of Ecoloqy

A. B. Stone (4)

.
o0

ik g

Wil

Ni-05

Department of Enerqy - Richland Operations

J. M. Clark
R. E. Gerton
J. R. Noble-Dial

ICF-Kaiser Hanford Company

C. H. Brevick
L. A. Gaddis

R. B. Johnson
W. W. Pickett

Pacific Northwest Laboratories

Apley
Bean
Bobrowski
. Eller

. Eschbach

moWwmw>Xx=
[P o T R <1

A-6000-135 (01/93) WEF067

S7-54
S7-54
S7-54

G7-56
G7-57
G7-56
G7-57

S7-71
P8-08
K7-28
B1-40
K7-15

>< > >< > >< > ><

> > X DX X<

EST- 159082 @ag, 2% ¢



R tRvrs

v g



LR TRIL TS

/dn.uu)w-«u.ﬁ

—

T ISjov¥ Fﬁ '30@%4

Pacific Nr-*%=-* ' -b-w-t--ias (continu-""
. HilN K7-97

J. G X
L. K. Holton P7-43 X
B. M. Johnson K1-78 X
G. J. Lumetta P7-25 X,
B. D. McVeety K6-63 X
I. C. McVeety K7-22 X
P. J. Mellinger P7-22 X
A. F. Noonan B1-40 X
L. R. Pederson K2-44 X

Westinghouse Hanfg»" Famn~ne

H. Babad S7-30 X
D. A. Barnes R1-51 X
A. L. Bol . H5-49 X
~ L. 7 -sheim =27 X
U. R. pratzel S7-31 X
T. M. Brown R2-12 X
T. H. Bushaw T6-30 X
M. P. Campbell- R2-86 X
R. J. Cash S7-15 X
G. M. Christensen H4-21 X
W. L. Cowley H4-61 X
M. L. Deffenbaugh R2-06 X
C. DeFigh-Price S7-30 X
R. A. Dodd R2-70 X
G. L. Dunford R2-50 X
S. J. Eberlein §7-31 X
D. B. En :Iman R1-49 - X
K. 0. Fein H4-63 X
J. S. Garfield H5-49 X
K. D. Gibson ' H4-61 X
C. E. Golberg H5-49 X
J. M. Grigsby H4-62 X
R. D. Gustavson R1-51 X
C. S. Haller R2-12 X
H. W. Heacock S7-81 X
D. L. .ing T6-09 X
B. A. ey H5-27 X
G. Jansen H6-33 X
G. D. Johnson S7-15 X
K. K. Kawabata T6-50 X
N. W. Kirch R2-11 X
M. J. Kupfer H5-49 X
G. A. Meyer S4-54 X
W. C. Miller S4-55 X
W. C. Mills 'S4-58 X
C. T. Narquis T6-50 X
R. H. Palmer ' R2-58 X
M. A. Payne S7-14 X
S. Rifaey S2-45 X
R. K. Rios R1-80 X
D. A. Reynolds R2-11 X
P. Sathyanarayana (2) R2-12 X
F. A. Schmittroth HO-35 X
J. S. Schofield R1-67 X
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